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ABSTRACT OF THESIS 
 
 
TESTING FOR SEDIMENTARY RECYCLING USING DETRITAL MONAZITE 
GEOCHRONOLOGY, ZIRCON “DOUBLE DATING”, AND TEXTURES IN 
PENNSYLVANIAN ARENITES OF THE CENTRAL APPALACHIAN BASIN, 
EASTERN KENTUCKY: IMPLICATIONS FOR SINGLE MINERAL 
SEDIMENTARY PROVENANCE ANALYSIS 
 
 
Detrital monazite Th-Pb and detrital zircon U-Pb and U-Th/He double-dating 
coupled with sandstone petrography and exhumation rates can be used to test for 
sediment recycling in Pennsylvanian sandstones within the Alleghenian clastic wedge. 
The Alleghenian clastic wedge is a logical system in which to test for sediment recycling 
as four major collisional events (Grenville, Taconic, Acadian and Alleghenian orogenies) 
likely reworked the continental margin and recycled siliciclastic sediment. The 
combination of these geochronologic and thermochronologic methods provide a more 
accurate assessment of the proportion of recycled sediment in the Grundy Formation 
(sublitharenite) and the Corbin Sandstone (quartz arenite), which past studies and the use 
of standard zircon U-Pb alone could not distinguish. Recognition of sediment recycling is 
thus critical for sedimentary provenance studies, which assume a direct path from 
sediment source to depositional basin. Zircon U-Pb age modes for both formations 
include the dominant “Grenville doublet” along with a lesser component of Granite-
Rhyolite and Taconic age modes. The Corbin Sandstone is temporally more expansive, 
with age modes associated with the Yavapai-Mazatzal and Kenoran orogenies not present 
in the Grundy Formation. Monazite Th-Pb age modes are younger than zircon U-Pb for 
both samples, with dominant modes in the Taconic, Acadian, and Alleghenian, and only 
minor age modes associated with the Grenville Orogeny. The extent of sediment 
recycling was quantified by the difference in crystallization ages and exhumation/cooling 
ages of detrital zircon. This difference in time (∆t) becomes higher in the case of 
recycling (> ~300 Ma). A median 288 Ma ∆t cutoff value between first-cycle and multi-
cycle Grenville aged zircons was calculated using post-Grenville exhumation rates. 
Furthermore, “detrital diagenetic monazite” grains older than the 312 Ma age of 
deposition are present in both the Grundy Formation and Corbin Sandstone and proves 
the occurrence of sediment recycling. In conclusion, most detrital grains of Grenville 
origin and older are likely multi-cycle, while detrital grains associated with the Taconic, 
Acadian, Neo-Acadian, and Alleghenian orogenies are likely first-cycle in origin.  
 
  
KEYWORDS: Provenance, Zircon, monazite, sediment recycling, foreland basin, 
Laurentian margin. 
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 1 
 INTRODUCTION 
Most of Earth’s exposed surface is covered by sedimentary rocks (~ 73%): 
(Wilkinson et. al., 2009).  This fact makes it more probable that modern sediments are 
derived primarily from other sedimentary rocks rather than directly from crystalline 
sources, the latter of which most detrital mineral provenance studies imply (Blatt, 1967; 
Blatt and Jones, 1975; Garzanti, 2015). Detrital zircon U-Pb geochronology is one of the 
most common single-mineral provenance methods being used today (Hietpas et. al., 
2011a, Gehrels, 2014). If recycling is ubiquitous in sedimentary systems, then it is highly 
probable that many detrital zircon grains in a sandstone are recycled as well. This 
likelihood of recycling is compounded by zircon being an ultrastable mineral – zircon is 
particularly useful as a geochronometer because of its resistance to chemical and physical 
weathering (Rahl et. al., 2003; Reiners et. al., 2005; Hietpas et. al., 2011b). In 
comparison, monazite, though being less stable and less abundant than zircon, is also 
present in clastic sediments and can be used as a provenance indicator, based on Th-Pb or 
U-Pb ages, in the same manner as zircon (Hietpas et. al., 2010, 2011a). A complete 
characterization of sediment recycling, proposed in this thesis, would include (1) 
demonstrating that recycling did occur, and (2) quantifying the proportion of that 
recycled component (Moecher et. al., 2019).   
Several approaches can be applied to test whether recycling did, in fact, occur. 
The two most widely used approaches include sandstone petrography, and the analysis of 
single detrital minerals—usually heavy accessory minerals—found in the rock sample 
(Mazumder, 2017). Sandstone petrography is arguably the easiest and most manageable, 
and focuses on the relative proportions of quartz, feldspars, and lithic grains in a 
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sandstone. An important concept in sedimentology is the understanding of what minerals 
compose a sandstone and how their abundance relates to their original crystallization 
from a melt. In a simple sense, the Bowen’s reaction series is a concept for relating the 
crystallization of common minerals to temperature and stability. Common minerals in 
clastic sedimentary rocks such as quartz, feldspars, and micas crystallize at relatively low 
temperatures and are therefore generally stable at Earth surface conditions. Quartz and 
feldspars are thus common in sandstones, while olivine (a mineral that crystallizes at high 
temperature) is not. Quartz crystallizes last in most granitic rocks and is the most 
common mineral in sandstones, composing ~60–70% of clastic grains (Prothero, 2014). 
Feldspars are less stable than quartz and average between 10% and 15% of sandstone 
composition (Prothero, 2014). This is also due in part to feldspar’s lower hardness and 
greater tendency to cleave. Weathering results in the depletion of unstable minerals like 
feldspars and mafic minerals, whereas comparatively stable and/or heavy minerals like 
quartz and zircon are concentrated in the detrital component (Weltje and von Eynatten, 
2004). It is widely recognized, however, that mechanical abrasion has limited effect on 
the elimination of unstable detrital grains and is completely negligible in river transport 
(Russell, 1937; Shukri, 1950; Kuenen, 1959; Garzanti, 2017). The elimination of 
feldspars and other labile minerals during fluviatile transport is therefore not a result of 
mechanical action, but that of chemical action (Garzanti, 2017). A high feldspar and/or 
lithic component in a sandstone, therefore, has specific implications concerning the 
source area with regards to chemical weathering, source relief, and source proximity 
(Prothero, 2014).  
 
 3 
The predominance of chemical decomposition of feldspars in humid 
environments has long been accepted as an established fact (Krynine, 1935). Feldspars 
are highly susceptible to chemical weathering due to their tendency to dissolve via 
leaching and hydrolysis. The decomposition of feldspar is also largely time dependent, 
meaning the shorter the time between erosion and subsequent burial, the higher the 
concentration of feldspars will be in a particular sandstone. High sedimentation rates 
have similar effects (Suttner et. al., 1981). Only the rare, unique combination of tropical 
climate, low relief, and slow sedimentation rates can give rise to the absence of feldspar 
in a first-cycle quartz arenite. Previous work has suggested that the bulk of ancient quartz 
arenites are multi-cycle in origin (Suttner et. al., 1981; Dott, 2003). 
The lack of feldspar and other less stable minerals in quartz arenites suggests that 
they have been in the sediment transport system for a longer time than arkosic or lithic 
sands (Chesnut, 1995). The use of such concentrations of feldspar and quartz grains, 
along with lithic fragments in a sandstone, can be useful in gaining a fundamental 
understanding of sediment provenance (Mazumder, 2017). The relative concentration of 
quartz, feldspar, and lithic grains can be quantified by point-counting with the 
petrographic microscope. Modal data can then be plotted on a Dickinson diagram to 
efficiently discriminate derivation of sand-sized siliciclastic detritus among different 
tectonic provenances (Dickinson and Suzcek, 1979; Dickinson et. al., 1983; Dickinson, 
1985). There are, however, inherent shortcomings with the standard QFL approach to 
determining provenance. For example, long-distance transport with multiple storages in 
floodplains or the reworking of beach sands may produce a quartz arenite, but are 
unrelated to the ultimate provenance (Mazumder, 2017). Rivers may collect detritus en 
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route, including recycled grains from older tectonic regimes, or cross other tectonic 
regimes, which compromise their QFL signature (Dickinson and Suzcek, 1979; Mack, 
1984). Other diagenetic processes can result in the destruction of labile grains, such as 
dissolution by groundwater. This process can leave secondary pores and produce a 
diagenetic quartz arenite that does not retain the QFL memory of the tectonic provenance 
(McBride, 1987). The lithological characteristics of parent rocks as inferred from detrital 
modes of a daughter sandstone cannot be used blindly as a proxy for plate tectonic setting 
(Garzanti, 2015). All in all, QFL templates only achieve success up to about 85% 
(Molinaroli et. al., 1991). While the relative abundance of quartz, feldspar, and lithic 
fragments in a sandstone may imply much about the source area and amount of time 
elapsed between exhumation and sediment burial, there is yet no definitive approach—
besides the presence of abraded quartz overgrowths (Dott, 2003; Basu et. al., 2013)—for 
proving sediment recycling from a quartz arenite, arkosic arenite, or lithic arenite sample 
alone.  
In contrast to sandstone petrography, the use of single detrital minerals to analyze 
provenance has developed rapidly over the past two decades due to a wide range of 
analytical techniques (i.e., isotopic and geochemistry) used to link heavy detrital minerals 
from a sandstone back to their source (Najman, 2006; Foster and Carter, 2007; von 
Eynatten and Dunkl, 2012). The principal advantage of single-grain studies over 
sandstone petrography is that variability within mineral phases of the former is generally 
unaffected by chemical and physical weathering processes (von Eynatten and Dunkl, 
2012). In this study, isotopic techniques are employed to constrain the geologic context 
of source rocks from the detrital grains itself, i.e., information from a specific type of 
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grain is used to detect the ages of crystallization/metamorphism, timing of burial 
diagenesis, and timing of cooling/exhumation. This valuable information on the timing of 
crystallization, burial, and exhumation of detrital grains adds more constraints on 
sediment sources than sandstone petrography alone. Sandstone petrography coupled with 
zircon and monazite geochronology and thermochronology can be used to prove 
sediment recycling.  
Monazite, a light rare-earth-element orthophosphate ((La, Ce, Nd)PO4) mineral 
that commonly forms in both igneous and metamorphic rocks (Williams et. al., 2007), is 
a common component of the accessory mineral suite of sandstones (Morton and 
Hallsworth, 1994; Hietpas et. al., 2010, 2011; Hurst and Morton, 2014; Moecher et. al., 
2019). Detrital zircon (DZ), although widely touted as an accurate geochronometer and 
thermochronometer (Rahl et. al., 2003; Reiners et. al., 2005; Campbell et. al., 2005; 
Hietpas et. al., 2011; Gehrels, 2014), rarely shows the textural effects of the recycling 
events in question (although thin diagenetic “outgrowths” on zircon grains have been 
reported in low-grade metasediments: Rasmussen, 2005b). Detrital monazite (DM), 
however, commonly exhibits the textural features that are characteristic of having been 
recycled (e.g., abundant inclusions formed during an earlier diagenetic event), which is 
referred to as “detrital diagenetic monazite” (Figure 4.16a; 4.16b) (Moecher et. al., 2015). 
The textural features of detrital diagenetic monazite prove that sedimentary recycling 
occurred (Moecher et. al., 2019). Monazite can also crystallize at lower metamorphic 
temperature conditions than zircon, which means it has a greater potential to record 
lower-grade thermotectonic events (Hietpas et. al., 2011), including very low- to low-
grade metamorphism, and even diagenetic events (Rasmussen and Muhling, 2009). 
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Detrital diagenetic monazite (DDM), as the name suggests, is originally formed within 
sedimentary rocks at diagenetic temperatures and pressures. Texturally, DDM is very 
different compared to detrital monazite, with the former containing abundant inclusions 
of secondary minerals such as carbonates, K-feldspar, albite, chlorite, muscovite, and 
quartz (Moecher et. al., 2019). Ages associated with DDM grains found in Pennsylvanian 
sandstones will denote to what degree recycling has occurred. First-cycle DDM grains 
are possible only if the age of the DDM is less than the age of deposition of the 
sandstones in question; in this case <312 Ma. Any DDM ages older than the age of 
deposition of the sandstone from which they were found would prove sediment recycling 
(Moecher et. al., 2019). Monazite may precipitate as a diagenetic phase in clastic 
sediments (Evans and Zalasiewics, 1996; Rasmussen et. al., 2001; Evans et. al., 2002; 
Rasmussen, 2005a; Rasmussen and Muhling, 2007, 2009; Mahan et. al., 2010; Allaz et. 
al., 2013). Many workers attribute the growth of monazite to the prograde breakdown of 
allanite (LREE-silicate), with the assumption that P is derived from apatite (Kingsbury et 
al., 1993; Bingen et al., 1996; Ferry 2000; Catlos et al., 2001; Wing et al., 2003). 
Authigenic monazite formation is controlled by several factors, including whole-rock 
composition, composition of diagenetic/metamorphic fluids and/or tectonic processes. 
Intensive fluid-related REE remobilization can occur in relation to diagenetic and/or low-
grade metamorphism (Rassmusen and Muhling, 2009; Copjakova et. al., 2011). The 
major source of REE in the pore fluids is probably detrital minerals; mainly allanite or 
monazite (Kingsbury et. al., 1993; Copjakova et. al., 2011). Authigenic monazite shows 
low concentrations of U, Th, Ca, Y, and HREE (Copjakova et. al., 2011). 
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The U-Pb system in zircon and the Th-Pb system in monazite record the time of 
crystallization of the grain in a source terrane because the closure temperatures for 
diffusion of the Pb daughter isotopes (Tc) approach crystallization temperatures 
(Cherniak et. al., 2001; Rahl et. al., 2003). This system is useful for linking a DZ or DM 
grain back to its ultimate source terrane. It does not, however, provide any information on 
when the DZ or DM grain entered the sediment transport chain, which is a critical 
component to test for recycling. For this, low-temperature thermochronometers such as 
zircon U-Th/He and monazite U-Th/He are required. Low-temperature 
thermochronometers record the cooling of zircon [or monazite] as it approaches the 
surface during exhumation (Rahl et. al., 2003). The U-Th/He system in zircon has a 
closure temperature of ~190C for a cooling rate of 10C/m.y. (Reiners et. al., 2002). 
Assuming a typical geothermal gradient of 20–30C/km, the maximum depth of Tc for 
the zircon U-Th-Sm/He system resides at approximately 10 km (Ring et. al., 1999). In 
active orogens, a zircon grain could reach the surface within ~20 m.y. after cooling. 
Thus, we can consider U-Th-Sm/He ages as nearly coincident with an exhumation age 
(i.e. when the grain enters the sedimentary transport chain). Zircon U-Pb and U-Th/He 
double dating has been increasingly exploited in provenance studies to combine 
crystallization age and thermal history information from the same detrital grains for 
source region characterization (Rahl et. al., 2003; Reiners et. al., 2005; Fosdick et. al., 
2014). 
If sediment recycling has occurred, the combined U-Th-Pb and U-Th-Sm/He 
double-dating technique applied to detrital zircon should yield a significant difference in 
crystallization (U-Pb) ages and cooling (U-Th-Sm/He) ages. This difference in time 
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(“∆t”: Campbell et. al., 2005; Reiners et. al., 2005) becomes higher in the case of 
recycling (> ~300 Ma). Furthermore, “detrital diagenetic monazite” grains should be 
present in samples for which ∆t indicates recycling. The combination of detrital zircon 
and monazite U-Pb and Th-Pb geochronology, respectively, and U-Th/He 
thermochronology along with sandstone petrography will test, quantitatively, the 
proportion of recycled detrital grains in Pennsylvanian quartzarenite and sublitharenite 
units within the Central Appalachian Basin in eastern Kentucky. Presumably the 
sublitharenite unit will contain a higher proportion of first-cycle detrital grains, a general 
lack of detrital diagenetic monazite, and Th-Sm/He ages that are closest to the 
depositional age of the sediment (∆t < ~300 Ma). The quartzarenite unit will likely 
contain a higher proportion of recycled detrital grains, contain detrital diagenetic 
monazite, and yield U-Th-Sm/He ages that are much older than the depositional age of 
the sediment (∆t > ~300 Ma). Analysis of the sandstones to test for sediment recycling is 
three-fold: (1) analyze the heavy mineral and framework mineral composition of the 
sandstones; (2) perform petrographic examination of detrital monazite to determine the 
presence of detrital diagenetic monazite; and (3) utilize detrital zircon and monazite 
geochronology and thermochronology of each sandstone unit to determine ∆t. 
Location and Geologic Setting 
 The focus of this thesis is on Pennsylvanian sandstone units among the 
Alleghenian clastic wedge within the Central Appalachian Basin in eastern Kentucky.  
The Alleghenian clastic wedge is a logical system with which to test for sediment 
recycling, as four major collisional events (Grenville, Taconic, Acadian/Neoacadian and 
Alleghenian orogenies) likely reworked the continental margin and recycled siliciclastic 
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sediment. The Grenville orogeny was a protracted orogenic event taking place 1.3–0.9 Ga 
as a series of arc and continental collisional events contributing to the assembly of 
supercontinent Rodinia (Moores, 1991; Dalziel, 1991, Rivers, 2009). Phases of the 
Grenville Orogeny include the Pre-Elzevirian (1350–1300 Ma), Elzevirian (1245–1225 
Ma), Shawinigan (1190–1140 Ma), Ottawan (1090–1020 Ma), and Rigolet (1000–980 
Ma) (McLelland et. al., 1996; Rivers, 1997, 2009).  
Rifting occurred following the Grenville orogeny, separating Laurentia from the 
west Gondwana cratons (Cawood et. al., 2001). Magmatism during failed rifting occurred 
during the Neoproterozoic (~760 – 600 Ma) prior to successful rifting by around 550 Ma 
and the formation of the Iapetus ocean and associated passive margin sequences (Mervin 
et. al., 2010). Rift-to-drift related sedimentation occurred from the Late Neoproterozoic 
through Cambrian (Cawood et. al., 2001) and is evident by sandstones and 
metasediments such as the Ocoee Supergroup, and basal Cambrian sandstones 
(Chakraborty, 2010; Kelly, 2014). 
 The Taconic Orogeny took place 470–445 Ma and involved a collision between 
Laurentia and a volcanic arc that obducted over Laurentia in the northeast (Karabinos et. 
al., 1998). The Acadian and Neoacadian orogenies occurred 400–380 Ma and 360–340 
Ma respectively. The Acadian Orogeny involved a series of collisions of Avalonian 
continental fragments with the Laurentian continent in New England, while the 
Neoacadian Orogeny involved collision between the Carolina Superterrane and Laurentia 
in the south and central Appalachians, closing the Rheic ocean (Hatcher et. al., 2014; 
Sinha et. al., 1989). The Alleghenian Orogeny was a collision between Gondwana and 
Laurentia occurring 325–260 Ma that produced the Pangean supercontinent (Becker, 
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2005). Each orogeny produced sediments that could have experienced diagenesis and 
generated detrital diagenetic monazite. 
 Samples were collected from two laterally equivalent Pennsylvanian sandstones 
within the Breathitt Group: one quartzarenite (the Corbin Sandstone) and one 
sublitharenite (the Grundy Formation) to test for recycling implied by their mineralogical 
composition. Samples of the Corbin Sandstone were obtained from an outcrop along the 
Bert T. Combs Mountain Parkway within the Slade Quadrangle and is reflected in the 
sample name (SL17-5). Exact coordinates of the sampling location are 3747’54.96”N, 
8339’15.89”W. Sampling of the Grundy Formation took place within the Elkhorn City 
Quadrangle at an outcrop at the end of Highway 3174. Three samples were tested within 
the Grundy Formation (EC17-1B, EC17-2, and EC17-3) and mark middle, lower, and 
upper sections of the outcrop, respectively. Exact coordinates of the sampling location are 
3720’41.64”N, 8225’46.17”W. Two core samples (R9-22 and R9-52) from the Bruin 
Quadrangle, provided by the Kentucky Geological Survey, were also tested using U-Pb 
geochronology of zircon. The two core samples represent different depths within the 
Breathitt Group. U-Pb ages as well as the presence of detrital diagenetic monazite from 
the two core samples are used to compare recycling with the laterally equivalent Corbin 
and Grundy samples. Sample R9-22 is a micaceous sandstone with shale bands from 
within the Breathitt Group and represents a depth of 216.5–226.5 ft. Sample R9-52 is a 
quartzose unit also from within the Breathitt Group and represents a depth of 516.5–
526.5 ft. Sampling locations of the Grundy Formation and Corbin Sandstone with relation 
to the Appalachian Foreland Basin and proximity to the Appalachian front are displayed 
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in figure 1.1.
 
Figure 1.1. Map of the Appalachian Foreland Basin with sampling locations for the 
Grundy Formation (proximal to the Appalachian front), the Corbin Sandstone (distal to 
the Appalachian front), and cores R9-22 and R9-52. Map adopted from Hietpas et. al., 
2011.  
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Purpose of Study 
Provenance inferences obtained from a single mineral cannot be extrapolated to 
the bulk sediment unless its fertility in all potential sources is known accurately (Moecher 
and Samson, 2006; Garzanti, 2015). The combined geochronology and thermochronology 
dating methods for detrital zircon and detrital monazite, or “double-double dating,” will 
provide a more accurate assessment of the proportion of recycled sediment, which 
standard detrital zircon geochronology alone cannot distinguish. The Th-Pb age of a 
detrital monazite (DM) grain or the U-Pb age of a detrital zircon (DZ) grain is its 
crystallization age—i.e., the ultimate source age of the DM or DZ (the age of the granite 
or gneiss, e.g., in which it crystallized)—not necessarily the age of the immediate source 
for the sediment.  The U-Th-Sm/He age of either mineral approximates the time of 
release of the grain into the sediment transport system. Several studies (Rahl et. al., 2003; 
Campbell et. al., 2005; Reiners et. al., 2005) quantified the proportion of recycled DZ 
grains for modern sediments and ancient sandstones. These studies found that the 
majority of DZ grains were not first-cycle grains. Campbell et.al., 2005 calculated that 
~70% of detrital zircons within the Ganges River in India and in the Navajo sandstone in 
the Colorado Plateau region were multi-cycle grains. 
Recognition of recycling is thus critical for sedimentary provenance studies, 
which generally assume a direct path from sediment source to depositional basin. In 
contrast, the zircon or monazite U-Th-Sm/He ages (a cooling age) yield approximately 
the time of release of the DZ or DM grain into the sediment transport system. It is the 
latter age that is critical for provenance studies. As discussed above, the difference in age 
between the two systems (∆t) is greater for recycled grains and lower for first cycle 
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grains. DZ, although useful for determining crystallization age, cooling age, and 
ultimately past events of sediment recycling, rarely shows the textural qualities of the 
recycling events in question. This study utilizes a secondary quantitative method to test 
recycling that will complement the standard DZ geochronology method. Detrital 
diagenetic monazite (DDM) is a detrital monazite grain that has been recycled, and 
because DM is less refractory than DZ, the DM grains can exhibit textural characteristics 
of recycling. Comparing these DDM grains with age dates and ∆t values of DM and DZ 
will likely provide a much more precise measurement of recycled grains than any 
previous study.  
 LITHOSTRATIGRAPHIC OVERVIEW 
Grundy Formation 
The Grundy Formation is a coal-bearing medium-to fine-grained sublitharenite 
member within the larger Breathitt Group (Figure 2.1) (Chesnut, 1992). Abundant lithic 
fragments within the samples include mainly muscovite, along with poly-quartz and 
chlorite in a lesser fraction. The relative abundance of quartz, feldspars, and lithics is 
represented in figure 2.2. All samples contain abundant clay-to-silt-sized illite matrix—
making up ~14% of total volume in EC17-2 and EC17-3 and 26% in EC17-1B—virtually 
filling every conceivable pore space. This illite matrix is likely formed by reactions 
between K-feldspar and earlier diagenetic kaolinite and probably also by the alteration of 
mica (Ehrenberg and Nadeau, 1989). Fine grained muscovite and illite matrix were 
difficult to distinguish, the consequence being a potential slight underrepresentation of 
lithic fragments in the overall Grundy analysis. Representative petrographic images of the 
Grundy Formation are displayed in figure 2.3a–b. 
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The Grundy Formation is composed of tidal and fluvial-dominated deltaic and 
channel sands along with stacked 100,000 Ka cycles of lowstand-transgressive to 
highstand sequences (Greb et. al., 2001, 2008, 2009). In total, six parasequences can be 
identified within the Grundy Formation (Solis et. al., 2008). Alternating sequences of 
fluvial to marine sediments occur between coal seams, commonly referred to as 
“cyclothems.” These coal-to-coal cycles are interpreted as third-or fourth-order sequences 
(Chesnut, 1994; Greb et. al., 2004, 2009). The section of the Grundy sampled for this 
thesis was likely within a transitional tidal zone (S. Greb, pers. comm, 2018).  
Corbin Sandstone 
The Corbin Sandstone is a medium-to fine-grained quartzarenite with detrital 
quartz pebbles contained within the Grundy Formation (Figure 2.1) (Chesnut, 1992; 
Lierman, 2006). The framework composition of the Corbin Sandstone is composed of 
92.2% monocrystalline quartz, 7% lithic grains (polycrystalline quartz, muscovite, and 
chlorite), and 0.8% feldspar (Figure 2.2). The Corbin Sandstone has a porosity of 12%, 
due in part to the relative lack of pore-filling illite matrix (~8%), when compared to the 
Grundy samples. Representative petrographic images of the Corbin Sandstone are 
displayed in figure 2.3c–d.  
Early work interpreted the Corbin Sandstone as a beach barrier system, based on 
its quartzose content and a perceived continuum of marine to terrestrial environments 
(Ferm et. al., 1971; Ferm, 1974; Horne et. al., 1974). Ettensohn (1980) re-evaluated this 
beach-barrier model. In prior models, strata from the upper Mississippian and the 
overlying Pennsylvanian Lee Formation that inter-tongue with one another were 
interpreted as being localized facies in a single prograding system. This placed 
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carbonates of middle to late Mississippian age in facies relationship with clastics and 
coals of early Pennsylvanian age. It is now generally accepted, however, that the facies 
changes from the Middle Mississippian to Early Pennsylvanian can be split into a series 
of regional transgressions and regressions (Ettensohn, 1980). In addition, the Corbin 
Sandstone lacks many of the features seen in modern beach barriers (S. Greb, pers. 
comm, 2018). 
The Corbin Sandstone was long believed to be a part of the Lee Formation, which 
is characterized by massive, cliff-forming sequences of quartz arenite (Rice, 1984). This 
inclusion of the Corbin Sandstone into the Lee Formation was first applied by Campbell 
(1898a). Campbell’s selection of the Corbin Sandstone as the top of the Lee Formation 
was considered unsatisfactory by later geologists due to the Corbin’s lack of lateral 
extent. The Corbin Sandstone “pinches out into shale or siltstone or grades into 
nonresistant subgraywacke indistinguishable from sandstones in the Breathitt” (Rice, 
1984) and was eventually placed within the Breathitt Group. The Corbin Sandstone is 
still often referred to as a “Lee-type sandstone” although being accepted as a member of 
the Breathitt Group (S. Greb, pers. comm, 2018). 
Most researchers since the 1980s have inferred that the Corbin Sandstone is a 
bedload (braided) stream deposit formed during a regional low-stand (Rice, 1984; Rice 
and Schwietering, 1988; Wizevich, 1991, 1992, 1993; Barnhill, 1995). The quartoze 
nature of the fluvial deposit is generally attributed to recycling of older quartoze deposits 
and possibly paleoclimate (Greb and Chesnut, 1996; Thomas et. al., 2017). The Corbin 
appears to be incised into underlying strata, truncating older strata westward toward the 
Cincinnati Arch (Rice, 1984; Archer and Greb; 1995). Rather than a single “valley” the 
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Corbin is a multistory sandstone belt, possibly representing many valleys through time 
(Greb and Chesnut, 1994; Barnhill, 1995). The Corbin appears to have been a trunk 
stream system of the region, with tributaries flowing into it from the east. During sea 
level rise the streams were backfilled and locally were converted to tidal estuaries, halting 
sandstone deposition and marking the cap of Corbin deposition (Archer and Greb, 1995; 
Barnhill, 1996). Based on paleogeographic reconstruction, the paleo-drainage for the 
Central Appalachian Basin, which includes the Corbin Sandstone, is estimated to be 
comparable in scale to the modern Amazon River drainage area (Figure 2.4) (Archer and 
Greb, 1995).   
 
Figure 2.1. Cross section of the Central Appalachian Basin’s Alleghanian clastic wedge, 
displaying the Corbin Sandstone included within the Grundy Formation. Abbreviations: 
PMTF for Pine Mountain Thrust Fault, PM for Pine Mountain, and MS for Middlesboro 
Syncline. Figure adopted from Chesnut, 1992.   
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Figure 2.2. QFL ternary classification plot (Folk, 1980) of all Grundy Formation and 
Corbin Sandstone samples as well as two Breathitt core samples. Standard point-counting 
techniques (Dickinson, 1970) were utilized. Three hundred representative point-counts 
were conducted on samples EC17-1B, EC17-2, EC17-3, R9-22, and R9-52, while five 
hundred point-counts were conducted on SL17-5. 
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Figure 2.3. Thin section petrographic images of the Grundy Formation (EC17-3) and the 
Corbin Sandstone (SL17-5). (A) Grundy Formation under plane-polarized light. (B) 
Grundy Formation under cross-polarized light. (C) Corbin Sandstone under plane-
polarized light. (D) Corbin Sandstone under cross-polarized light. 
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Figure 2.4. Paleographic reconstruction illustrating potential drainage-basin areas for Lee 
sandstones (including Corbin Sandstone) of the Central Appalachian Basin adopted from 
Archer and Greb, 1995. Abbreviations: ARM for Ancestral Rocky Mountains, CAB for 
Central Appalachian Basin, EIB for Eastern Illinois Basin, and OB for Ouachita Basin. 
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Figure 2.5. Middle Pennsylvanian paleogeographic reconstruction for the Central 
Appalachian foreland basin system. The Grundy Formation is represented by the 
Breathitt lithic sand belt, deposited as lowstand-transgressive to highstand marine facies. 
The Corbin Sandstone is represented by the Lee-type mature sand belt, deposited as 
bedload (braided) streams as a part of a larger trunk stream system flowing from 
northeast to southwest and incising into underlying strata. Paleocurrent directions are 
indicated by solid black arrows. Figure adopted from Robertson, 2014. 
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Heavy Mineral Analysis 
 Due to extensive recycling and the fact that zircon is so resistant to weathering 
and erosion, the U-Pb age signatures are a much less powerful tracer of sedimentary 
provenance when they are not accompanied by framework petrography and heavy 
mineral analysis (Garzanti et. al., 2013). Heavy mineral analysis is one of the most 
widely used tools in the determination of sandstone provenance and greatly compliments 
the modal analysis of sandstones (Morton, 1985; Mange and Morton, 2007; Von Eynatten 
and Gaupp, 1999). The analysis of heavy minerals in this study (mineral modes and 
relative abundance) follows the standard separation methods described in the following 
chapter for zircon and monazite separation. Corbin Sample, SL17-5, and Grundy sample, 
EC17-1B, were chosen for comparison using quantitative analysis of heavy minerals 
(Figure 2.6). Heavy mineral identification was facilitated by grouping the minerals into 
different fractions on the basis of magnetic susceptibility. Samples SL17-5 and EC17-1B 
were magnetically separated into a non-magnetic, a 0.25A magnetic fraction, and 0.5A 
magnetic fraction to understand the full range of heavy minerals in our samples (Table 
2.1).  
Heavy mineral grains from both samples were evenly poured into three separate 
magnetic aliquots onto double-sided tape and analyzed via energy dispersive 
spectrometry (EDS). Heavy mineral grains were counted from eight random, but 
representative, backscatter electron images of each magnetic aliquot. The non-magnetic 
fraction includes mainly zircon and rutile. The 0.25 magnetic fraction includes chrome 
spinel, Ulvospinel (Ti-magnetite), zircon, siderite, monazite, xenotime, garnet, staurolite, 
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and tourmaline. The 0.5A magnetic fraction includes much of the same as the 0.25 
magnetic fraction only with varying abundance of certain minerals.  
 
 
 
Table 2.1. Heavy mineral (SG>3.32) counts of magnetic fractions of SL17-5 (Corbin 
Sandstone) and EC17-1B (Grundy Formation). 
    
Sample SL17-5 EC17-1B 
  Non-magnetic 0.25A 0.5A Non-magnetic 0.25A 0.5A 
          
Zircon 117 4 3 120 84 74 
Rutile 24 1   3 21 60 
Chrome Spinel   124 103  1   
Monazite   1 1 1 10 3 
Staurolite   3 7     
Ti-Spinel   11 15     
Siderite    1  39   
Tourmaline       2   
Garnet   3 1     
Xenotime   1 2     
Apatite         1   
 n=423 n=419 
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Figure 2.6. Relative heavy mineral abundance by sample (SG>3.32). One Corbin 
Sandstone sample (SL17-5) and one Grundy Formation sample (EC17-1B) were 
analyzed.  
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 ANALYTICAL METHODS 
Detrital Zircon Geochronology 
 Six representative samples were chosen to be tested based on zircon abundance. 
These samples include three samples from the Grundy Formation (EC17-1B, EC17-2, 
and EC17-3), one sample from the Corbin Sandstone (SL17-5), and two core samples 
from the Breathitt Group (R9-22 and R9-52). Samples were prepared at the University of 
Kentucky prior to analysis. Approximately 5 kg of sample was crushed into gravel-sized 
fragments using a jaw crusher and then milled into a fine- to medium-grained sand using 
an iron disk mill. Between each sample the equipment was cleaned with a wire brush, 
compressed air, and isopropyl alcohol. The samples were then dry and wet sieved using 
disposable 250, 125, and 53 μm plastic mesh screens to remove clay-sized grains. A new 
mesh screen was used for each sample to avoid cross-contamination. Samples were then 
split into a fine and coarse size fraction (53–125 μm and 125–250 μm, respectively). The 
53–125 μm and 125–250 μm aliquots were ultrasonically rinsed and dried with acetone. 
Acetone drying was utilized instead of oven drying to prevent the potential outgassing of 
helium during heating, which is critical to retain for later testing of U-Th/He 
thermochronology. Magnetic iron particles from the disk mill were removed using a 
ceramic block magnet. Heavy minerals were separated from the sands using acetylene 
tetrabromide (specific gravity = 2.96) and methylene iodide (SG = 3.32). Remaining 
magnetic minerals were removed using a Frantz Isodynamic Magnetic Separator Model 
LB-1 at increasing amperage, until a clean concentration (<~ 10% impurities) of zircon 
grains remained. Mineral separates were collected for 0.25, 0.5, and 1.0 Amps. Zircons 
from the 53–125 μm aliquot were then selected to be epoxy mounted, and ultimately U-
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Pb dated, due to a much higher proportion of zircon grains when compared to the 125–
250 μm size fraction.  
For preparing a zircon mount consisting of hundreds of grains for U-Pb age 
dating, a 0.5 x 0.5 cm brass tube was affixed to a ceramic tile with a 2 x 2 inch square of 
double-sided tape. The zircon concentrate was then poured into the square brass tube and 
periodically tapped and rotated to evenly distribute the grains. This process was repeated 
twice for each sample. A round one-inch diameter plastic mounting ring was affixed to 
the double-sided tape surrounding the sample molds for the epoxy mount. Two separate 
samples (four grain molds) as well as FC-1, SL-mix, and R33 zircon standards were 
placed within each one-inch plastic mounting ring. Precautions were taken to ensure no 
cross-contamination. An epoxy was mixed using five parts Buehler Epo-Thin
 
epoxy resin 
with two parts Buehler Epo-Thin epoxy hardener and poured into the mounting ring and 
left to cure for at least 24 hours. Epoxy mounts were then sanded down using 1200 and 
2000 grit sandpaper, followed by a 0.3 μm alumina powder polish. The mounts were then 
examined using cathodoluminescence (CL) and back-scattered electron imaging (BSE) 
on the CAMECA SX50 electron probe microanalyzer and the JEOL-IT 100 scanning 
electron microscope (SEM) at the University of Kentucky. These images were used to 
help determine the presence of inclusions, overgrowths and fractures within the zircon 
grains. This preliminary assessment was used as a guide to locate ideal spot locations 
during LA-ICP-MS analyses.  
 Zircon (ZrSiO4) for U-Pb geochronology was carried out via laser-ablation-
inductively coupled plasma mass spectrometry (LA-ICP-MS) on the Thermo Element2 
multi-collector at the University of Arizona LaserChron Center. Operating conditions of 
 
 26 
the LA-ICP-MS described by Gehrels et al. (2008) were used. Analytical spots of 20 μm 
diameter were guided by CL and BSE images as to avoid inclusions and fractures. 
Approximately 300 grains were analyzed for each sample. Zircon standards Sri Lanka 
(~563 Ma), FC-1 (~1099 Ma), and R33 (~419 Ma) were analyzed every five grains. For 
each analysis, zircons were ablated with a Photon Machines Analyte G2 excimer laser 
equipped with a HelEx ablation cell. The ablated material was transported in helium to 
the Element2 ICP-MS. Each analysis consists of one 7-second integration on peaks while 
the laser is off, followed by 10 seconds of measuring peaks while the laser is firing, and a 
20 second delay to purge the previous sample in order to avoid contaminating the next 
sample. Raw U-Th-Pb data reduction to calculate concentrations, isotope ratios, and ages 
for the unknowns was performed at the University of Arizona with a Python decoding 
routine and an excel spreadsheet (E2agecalc). All Concordia, Tera-Wasserburg, weighted 
mean, and relative probability plots were created using Isoplot 3.60 (Ludwig, 2008) 
Results of detrital zircon U-Pb geochronology are presented in appendix A.  
Detrital Monazite Geochronology 
  Monazite, (Ce, La)PO4, was separated out of six samples using methods similar 
to those employed for zircon. Modal abundance of monazite was very low compared to 
zircon, with virtually no grains observed in the 125–250 μm size fraction. Monazite 
separation followed the same crush, sieve, heavy liquid, and magnetic separation process 
as zircon, but also had to be mounted for microprobe verification using high energy 
dispersive spectrometry (EDS). Magnetic separations of 0.25A, 0.5A, and 0.75A were 
poured into molds to be analyzed. Grain mold images exported to Adobe Illustrator 
aided in keeping track of the identified monazite grains. In total, 413 monazite grains 
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were hand-picked and placed on double-sided tape to be epoxy mounted with the 
monazite standard 554 (age = 45.3 +/- 1.4 Ma; Harrison et al, 1999). The picking of 
detrital diagenetic monazite grains proved difficult at times, as many would disintegrate 
upon contact with the picking utensil, thus the representation of DDM in the ion probe 
mounts are underrepresented by ~25%.  
              Monazite grains are dominantly chemically homogenous, but some grains may 
exhibit complex chemical zoning of Th and U or rare earth elements, Ca and Y (Zhu and 
O’Nions, 1999; Spear and Pyle, 2002; Kohn and Malloy, 2004; Corrie and Kohn, 2007; 
Williams et al., 2007). Wavelength dispersal x-ray element maps of monazite were 
collected on a variety of grains at the University of Kentucky after Th-Pb analysis to 
compare the location of the ion probe spot and potential growth zones. 
 Monazite was analyzed by high precision 208Pb/232Th geochronology using 
secondary ion mass spectrometry (SIMS). Ion probe analysis was carried out on an ims-
1270 CAMECA and ims-1290 02 
– ion microbeams at the Department of Earth and Space 
Sciences, University of California, Los Angeles. Samples were gold-coated to prevent 
charge buildup during the sputtering process. The sample chamber was flooded with 
oxygen up to a pressure of 2.5 10-5 Torr. Once the sample had been hit by the O2
- beam, 
sputtered ions were focused and constrained by apertures, then filtered by an energy 
window prior to passing through the main analyzer magnet. Operating conditions 
involved a primary beam current of 10-20 nA, a 50 eV energy window, a mass resolving 
power of about 5000, and a 15 eV offset for 232Th+. These conditions permit precision 
goals of +/- 2%. Analytical spots for monazite of 15 μm diameter were guided by BSE 
images to avoid inclusions, and growth and age zone boundaries when possible. Monazite 
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grains analyzed by SIMS were reimaged at UK following analysis in order to ensure 
location of the beam within growth zones and not across zone boundaries or mineral 
inclusions. Ion probe analysis of detrital diagenetic monazite was complicated by 
abundant mineral inclusions typical of these grains. Multiple DDM grains were skipped 
during SIMS analysis because an area free of inclusions large enough for the ion beam 
could not be located. This leads to the underrepresentation of DDM ages in the overall 
age spectrum. Results of detrital monazite Th-Pb geochronology are presented in 
appendix B.  
Detrital Zircon Thermochronology 
 Detrital zircon U-Th/He thermochronology was carried out at the University of 
Michigan Thermochronology Lab in collaboration with Dr. Nathan Niemi. The zircons 
selected for U-Th/He “double-dating” were polished half grains previously analyzed for 
U-Pb geochronology via LA-ICP-MS. Zircons from each sample, excluding core samples 
R9-22 and R9-52, were selected based on uranium content (<400 ppm), U-Pb age mode 
(Grenville age mode was most prominent in all samples and therefore made up a majority 
of grains selected for Zircon helium dating (ZHe)), concordance (between 95% and 
105%), and size (width of small axis > 80 μm). Grains with fractures or inclusions were 
excluded. Operating conditions and methods for alpha ejection correction and helium 
extraction described by Reiners (2005) were used. 
Zircon U-Th/He ages typically require correction for the effects of alpha ejection 
(Farley, 1996). Alpha stopping distances in zircon are ~20 μm so those generated near the 
crystal rim may be subject to ejection (Farley, 2002; Rahl et. al., 2003). It is also 
important to consider that parent nuclei decay outside of the zircon crystal can lead to 
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helium implantation into the crystal of interest. This, however, is generally considered 
insignificant and only alpha ejection is considered in the correction (Farley, 2002). 
Because the zircon grains were partially polished, all three axes needed to be measured in 
order to make the correct alpha ejection correction; the most important being the short 
axis, in which a width greater than 80 μm was required. The measured dimensions along 
with an assigned grain morphology are used to calculate the alpha ejection correction 
(Equation 3.1): 
(3.1)                                         𝐹𝐻𝑒 = 1 + 𝐴1𝛽 + 𝐴2𝛽
2 
where 𝐹𝐻𝑒  is the fraction of helium retained in crystals due to alpha ejection, 𝐴1 and 𝐴2 
are given for different morphologies (Farley, 2002; Hourigan et. al., 2005; Reiners et. al., 
2005), and 𝛽 is the surface area- to volume-ratio of the crystal. In this detrital study, most 
grains had prolate spheroid geometries. The equations for surface area (Equation 3.2) and 
volume (Equation 3.3) for a prolate spheroid grain geometry are listed below: 
(3.2)                       𝑆𝐴𝑝𝑠 = 2𝜋𝑟
2 + [
2𝜋𝑟(
𝑙
2
)
2
√(
𝑙
2
)
2
− 𝑟2
] sin−1 [
√(
𝑙
2
)−𝑟2
(
𝑙
2
)
] 
(3.3)                                             𝑉𝑝𝑠 =  
2
3
𝜋𝑟2𝑙 
Note: 𝑙 = c axis-parallel length, r = average equatorial radius. Prolate spheroid geometry 
was not modeled for independent polynomial factors and is assumed to have the same 
A’s as the tetragonal prism with pyramidal terminations. 
 
The 𝐹𝐻𝑒 for each nuclide is then weighted according to measured U/Th of the 
sample to derive bulk 𝐹𝐻𝑒, according to the equation 3.4, where 𝑎238 is the fraction of He 
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derived from 238U: 
(3.4)                     𝐹𝐵𝑢𝑙𝑘𝐻𝑒 = 𝑎238 𝐹𝐻𝑒(238𝑈) + (1 − 𝑎238) 𝐹𝐻𝑒(232𝑇ℎ) 
(3.5)                               𝑎238 = (1.04 + 0.245(𝑇ℎ/𝑈))
−1
 
The corrected U-Th/He age of the zircon grain in question is the measured age divided by 
𝐹𝐵𝑢𝑙𝑘𝐻𝑒: 
 (3.6)   𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑  𝐴𝑔𝑒 =
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝐴𝑔𝑒
𝐹𝐵𝑢𝑙𝑘𝐻𝑒
 
The zircons were picked out of the epoxy mount at the University of Michigan 
and packaged in Nb tubes for He extraction via step-wise heating on the Alphachron 
Helium Instrument. Heating of the foil was accomplished by direct lasing with a 10 μm 
beam of a 1064-nm Nd:YAG laser. The foil sits in a Cu or stainless steel planchet 
directly underneath a KBr coverslip in a high-vacuum sample chamber connected to the 
He purification/measurement line. Nb foils are heated to approximately 1100–1250 C 
for 15 minute extraction intervals. Gas extracted from zircons by heating is spiked with 
approximately 0.1–1.0 pmol 3He, cryogenically concentrated and purified, and expanded 
into a small volume with a gas-source quadrupole mass spectrometer. The 4He/3He is 
measured for about ten seconds following gas release. The measured ratio is corrected for 
background and interferences and compared with the 4He/3He measured on aliquots of 
4He standard (Reiners, 2005). Results of zircon U-Th/He thermochronology are presented 
in appendix C. 
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 RESULTS 
Detrital Zircon Geochronology 
Zircon grains separated from the Grundy Formation (EC17-1B, EC17-2, EC17-3), 
the Corbin Sandstone (SL17-5), and two Breathitt Group cores (R9-22, R9-52) ranging 
from 52 μm to 125 μm in diameter and were analyzed for U-Pb geochronology on the 
ThermoElement2 multi-collector at the University of Arizona LaserChron Center. U-Pb 
ages, and raw isotopic ratios are compiled in Appendix A. The “best ages” were 
determined from 206Pb/238U ages for grains less than 900 Ma and 206Pb/207Pb ages for 
grains greater than 900 Ma. This is because 206Pb/238U ages are more precise for younger 
systems and 206Pb/207Pb ages are more precise for older systems (Gehrels, 2008). These 
analyses were used to determine zircon crystallization ages that could correspond to 
several magmatic or high-grade metamorphic events. Since all zircon grains in the 
samples are detrital, the ages can also serve to constrain the maximum depositional age of 
the sandstone packages. Discordance is common among zircon crystals analyzed via LA-
ICP-MS. Discordance could be due to lead loss, or analysis across growth zones, 
inclusions or fractures. All samples were plotted on Tera-Wasserburg Concordia 
diagrams, as Tera-Wasserburg diagrams provide a clearer illustration of the degree of 
discordance compared to the conventional Concordia diagrams. Only zircon grains with 
95-105% concordance were used in constructing histograms. 
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Grundy Formation 
EC17-1B 
Sample EC17-1B of the Grundy Formation had 299 grains analyzed, and 261 
were 95% to 105% concordant. Most EC17-1B grains were subangular to subrounded 
and anhedral to subhedral. Most grains exhibited prolate spheroid morphology, while 
many others were fractured and very angular. Oscillatory zoning detected by CL imaging 
is present in a majority of the grains (Figure 4.1). Zircons of EC17-1B exhibit two 
dominant age modes corresponding to the Ottawan (1080–1040 Ma) and Shawinigan 
(1180–1140 Ma) magmatic events of the Grenville orogeny. Other, minor, age modes 
include the Taconic (475-440 Ma), Elzevirian (1250–1220 Ma), Pre-Elzevirian (1300–
1350 Ma) and Granite-Rhyolite (1480–1350 Ma) (Figure 4.2). All grains except one had 
ages younger than 1750 Ma.
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Figure 4.1. Cathodoluminescence images of sample EC17-1B. (A) Representative CL 
image of concordant zircon grains. (B-D) CL images of discordant zircon grains. Red 
circles represent 20 m analysis spot. 
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Figure 4.2. Results of LA-ICP-MS of detrital zircon from sample EC17-1B. (A) Plot of 
detrital zircon U-Pb age histogram with 95–105% concordance. (B) Tera-Wasserburg 
diagram of all data. Shaded grey bars represent significant magmatic or metamorphic 
events within the Laurentian continent. Red line marks depositional age of Grundy 
Formation (312 Ma). 
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EC17-2 
 Sample EC17-2 had 308 grains analyzed, and 292 were 95% to 105% concordant. 
Most EC17-2 grains were subangular to subrounded and anhedral to subhedral, with a 
few euhedral grains observed. Most grains exhibited prolate spheroid morphology, while 
many others were fractured and very angular. Oscillatory zoning detected by CL imaging 
is present in a majority of the grains (Figure 4.3). The most noticeable age modes in 
EC17-2 include the Ottawan and Shawinigan phases of the Grenville orogeny (1080–
1040 Ma and 1180–1140 Ma). Other age modes include the Elzevirian, Pre-Elzevirian, 
and Granite-Rhyolite province (Figure 4.4). 
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Figure 4.3. Cathodoluminescence images of sample EC17-2. (A) Representative CL 
image of concordant zircon grains. (B-D) CL images of discordant zircon grains. Red 
circles represent 20 m analysis spot.  
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Figure 4.4. Results of LA-ICP-MS of detrital zircon from sample EC17-2. (A) Plot of 
detrital zircon U-Pb age histogram with 95–105% concordance. (B) Tera-Wasserburg 
diagram of all data. Shaded grey bars represent significant magmatic or metamorphic 
events within the Laurentian continent. Red line marks depositional age of Grundy 
Formation (312 Ma). 
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EC17-3 
 Sample EC17-3 of the Grundy Formation had 301 grains analyzed, and 266 were 
95% to 105% concordant. Most EC17-3 grains were anhedral to subhedral and exhibited 
prolate spheroid morphology, while many others were fractured and very angular. 
Oscillatory zoning detected by CL imaging is present in a majority of the grains (Figure 
4.3).  Detrital zircon age modes of EC17-3 are very similar to EC17-2 and EC17-1B, with 
the two dominant age peaks being of Ottawan and Shawinigan age. Lesser, but still 
prominent age modes include the Elzevirian (1250–1220 Ma), Pre-Elzevirian (1350–1300 
Ma) and the Granite-Rhyolite province (1480–1350 Ma) (Figure 4.6). Only three detrital 
grains recorded ages over 1942 Ma, one of which had a concordance of 89% and was 
discarded from the data set.
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Figure 4.5. Cathodoluminescence images of sample EC17-3. (A) Representative CL 
image of concordant zircon grains. (B-D) CL images of discordant zircon grains. Red 
circles represent 20 m analysis spot. 
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Figure 4.6. Results of LA-ICP-MS of detrital zircon from sample EC17-3. (A) Plot of 
detrital zircon U-Pb age histogram with 95–105% concordance. (B) Tera-Wasserburg 
diagram of all data. Shaded grey bars represent significant magmatic or metamorphic 
events within the Laurentian continent. Red line marks depositional age of Grundy 
Formation (312 Ma). 
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Corbin Sandstone 
SL17-5 
 Sample SL17-5 of the Corbin Sandstone had 298 grains analyzed, and 277 were 
between 95% and 105% concordant. Most grains were subangular to subrounded and 
anhedral to subhedral. A majority of grains exhibited prolate spheroid morphology, while 
many others were fractured and very angular. Oscillatory zoning detected by CL imaging 
is present in a majority of the grains (Figure 4.7). The most prominent age modes of 
sample SL17-5 relate to the Ottawan and Shawinigan phases of the Grenville orogeny 
(1080–1040 Ma and 1180–1140 Ma). The next most prominent age modes are from the 
Granite-Rhyolite province (1480-1350 Ma) and Yavapai-Mazatzal orogenies (~1700–
1600 Ma). Other, minor, age modes include Taconic (475–440 Ma), Elzevirian (1250–
1220 Ma), and Kenoran (~2850–2550 Ma) orogenies (Figure 4.8). The oldest detrital 
zircons obtained from Corbin sample SL17-5 have ages of 3124 Ma and 3765 Ma. Both 
grains have good concordance, at 97.8% and 99.9% concordance respectively. 
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Figure 4.7. Cathodoluminescence images of sample SL17-5. (A) Representative CL 
image of concordant zircon grains. (B-D) CL images of discordant zircon grains. Red 
circles represent 20 m analysis spot. 
  
 
 43 
 
Figure 4.8. Results of LA-ICP-MS of detrital zircon from sample SL17-5. (A) Plot of 
detrital zircon U-Pb age histogram with 95–105% concordance. (B) Tera-Wasserburg 
diagram of all data. Shaded grey bars represent significant magmatic or metamorphic 
events within the Laurentian continent. Red line marks depositional age of Corbin 
Sandstone (312 Ma). 
 
 44 
Breathitt Core Samples 
R9-22 
 Sample R9-22 of the Breathitt core samples had 305 grains analyzed, and 292 
were between 95% and 105% concordant. Most R9-22 grains were subangular to 
subrounded and anhedral to subhedral, with a few euhedral grains observed. Most grains 
exhibited prolate spheroid morphology, while many others were fractured and very 
angular. Oscillatory zoning detected by CL imaging is present in a majority of the grains 
(Figure 4.9). Much like the EC17 samples from the Grundy Formation, R9-22 has 
prominent age peaks related to the Ottawan (1080–1040 Ma) and Shawinigan (1180–
1140 Ma) phases of the Grenville orogeny. Other, less prominent, age modes include the 
Elzevirian phase of the Grenville (1250–1220 Ma), Pre-Elzevirian (1350–1300 Ma), 
Granite-Rhyolite (1480–1350 Ma), and Taconic orogeny (475–440 Ma) (Figure 4.10).
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Figure 4.9. Cathodoluminescence images of sample R9-22. (A) Representative CL image 
of concordant zircon grains. (B-D) CL images of discordant zircon grains. Red circles 
represent 20 m analysis spot. 
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Figure 4.10. Results of LA-ICP-MS of detrital zircon from KGS core sample R9-22. (A) 
Plot of detrital zircon U-Pb age histogram with 95–105% concordance. (B) Tera-
Wasserburg diagram of all data. Shaded grey bars represent significant magmatic or 
metamorphic events within the Laurentian continent. Red line marks depositional age of 
Breathitt Group (~312 Ma). 
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R9-52 
 Sample R9-52 of the Breathitt core samples had 295 grains analyzed, and 259 
were 95% to 105% concordant. Most grains were subangular to subrounded and anhedral 
to subhedral. A majority of grains exhibited prolate spheroid morphology, while many 
others were fractured and very angular. Oscillatory zoning detected by CL imaging is 
present in a majority of the grains (Figure 4.11). Much like the Corbin sample, SL17-5, 
the most prominent age modes of sample R9-52 relate to the Ottawan and Shawinigan 
phases of the Grenville orogeny (1080–1040 Ma and 1180–1140 Ma) with other age 
modes related to the Elzevirian (1250–1220 Ma), Granite-Rhyolite province (1480-1350 
Ma), Yavapai-Mazatzal (~1700–1600 Ma), Taconic (475–440 Ma), and Kenoran 
(~2850–2550 Ma) orogenies (Figure 4.12). 
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Figure 4.11. Cathodoluminescence images of sample R9-52. (A) Representative CL 
image of concordant zircon grains. (B-D) CL images of discordant zircon grains. Red 
circles represent 20 m analysis spot. 
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Figure 4.12. Results of LA-ICP-MS of detrital zircon from KGS core sample R9-52. (A) 
Plot of detrital zircon U-Pb age histogram with 95–105% concordance. (B) Tera-
Wasserburg diagram of all data. Shaded grey bars represent significant magmatic or 
metamorphic events within the Laurentian continent. Red line marks depositional age of 
Breathitt Group (~312 Ma). 
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Figure 4.13. Plot of detrital zircon probability distribution for all Grundy Formation 
(EC17-1B, EC17-2, and EC17-3) and Corbin Sandstone (SL17-5) samples analyzed with 
LA-ICP-MS. Shaded grey bars represent significant magmatic or metamorphic events 
within the Laurentian continent. Red bar marks age of deposition for middle 
Pennsylvanian Grundy Formation and Corbin Sandstone (312 Ma). 
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Detrital Zircon Morphology 
 An additional control on the effects of detrital provenance, transport history, and 
sediment recycling is the use of detrital grain texture and morphology. The roundness and 
sphericity of a detrital grain can provide a qualitative sense of the amount of time a 
detrital grain has experienced the effects of abrasion. A multi-cycle quartzarenite should 
have a higher degree of rounding and sphericity associated with its detrital grains than a 
first-cycle lithic or arkosic arenite. In this study, all Grundy and Corbin samples (EC17-
1B, EC17-2, EC17-3, and SL17-5) were analyzed and compared for the effects of 
rounding and sphericity. Grain roundness was tested based on the Powers (1953) 
roundness scale; where 0.0 to 1.0 is very angular, 1.1 to 2.0 is angular, 2.1 to 3.0 is 
subangular, 3.1 to 4.0 is subrounded, 4.1 to 5.0 is rounded, and 5.1 to 6.0 is very rounded. 
Sphericity was tested using the Riley Sphericity (Powers, 1953; Folk, 1980; Muhlbauer 
et. al., 2017) expressed in equation 4.1, where 𝐷𝑖 is the diameter of the inscribing circle 
and 𝐷𝑐 is the diameter of the circumscribing circle. A perfect sphere has a riley sphericity 
value of 1.0. 
(4.1)                              𝑅𝑖𝑙𝑒𝑦 𝑆𝑝ℎ𝑒𝑟𝑖𝑐𝑖𝑡𝑦 = √
𝐷𝑖
𝐷𝑐
2
 
Both roundness and sphericity were tested on the same polished half grains that were 
previously U-Pb dated using LA-ICP-MS in order to compare both parameters to age.  
 Comparing sphericity and roundness of detrital zircon grains among samples 
yielded no strong correlation. Detrital zircon grains from Grundy sample EC17-1B had 
an average sphericity of 0.79 and an average roundness of 2.43. Grains from sample 
EC17-2 had an average sphericity of 0.77 and a roundness of 2.12. Grains from sample 
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EC17-3 had and average sphericity of 0.78 and a roundness of 2.07. Corbin sample 
SL17-5 detrital zircons had an average sphericity of 0.80 and an average roundess of 
2.64. The tendency for sphericity to approach 0.80 in all samples and for roundness to 
average between subangular and subrounded is due to the lack of whole, prismatic, 
euhedral grains. Most grains are either fractured half-grains or oblate spheroids. The 
comparison of detrital zircon sphericity with age yielded only a minor linear correlation 
(Figure 4.8). The oldest detrital grains in the aliquot had riley sphericities above 0.80 and 
the youngest grains range from 0.58 to 0.85. A list of all grains, ages, roundness and riley 
sphericity values are compiled in appendix D. 
 
 
Figure 4.14. Scatter diagram of riley sphericity versus age of detrital zircon grains from 
Grundy samples EC17-1B, EC17-2, EC17-3, and Corbin sample SL17-5. 
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Detrital Monazite Geochronology 
 Monazite grains, separated from the Grundy Formation, the Corbin Sandstone, 
and two Breathitt Group cores ranging from 52 μm to 125 μm in diameter, were analyzed 
for Th-Pb geochronology on the CAMECA ims1270 and ims1290 secondary ion mass 
spectrometers (SIMS) at the University of California, Los Angeles. Th-Pb ages, and raw 
isotopic ratios are compiled in appendix B. To ensure proper calibration and consistency 
among the six samples, monazite standard 554 was analyzed five times prior to analysis 
of the unknowns, once every five unknowns, and five times concluding unknown 
analysis. The accepted crystallization age of standard 554 is 45 Ma (Farley and Stockli, 
2002). Grains interpreted as detrital monazite contain few to no mineral inclusions and 
were usually equant and subrounded (Figure 4.15). Grains interpreted as detrital 
diagenetic monazite contain abundant mineral inclusions (quartz, muscovite, albite, 
chlorite, etc.) and are often angular to subangular (Figure 4.16a; 4.16b). Strong chemical 
zoning, apparent in BSE images, was identified in 6 grains out of 6 total samples. 
Elemental mapping of representative grains shows the chemical zoning in more detail 
(Figure 4.17).  
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Figure 4.15. Representative backscatter electron (BSE) images and elemental maps of 
detrital monazite grains. Grain 53 of EC17-1B exhibits simple concentric zoning. Grain 
18 of EC17-2 exhibits simple concentric zoning with a relatively high Th and U core and 
low Th and U rim. Grain 72 of SL17-5 exhibits a homogeneous distribution of Th and U. 
Grain 24 of EC17-3 displays minor concentric zoning with a Th and U depleted rim. 
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Figure 4.16. Representative backscatter electron (BSE) images and elemental maps of 
detrital diagenetic monazite grains. Grain 33 of EC17-1B contains inclusions of quartz. 
Grain 21 of EC17-2 contains inclusions of quartz and muscovite. Relative Th and U 
concentrations are lower in DDM when compared to detrital monazites in figure 4.15.
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Figure 4.17. Representative backscatter electron (BSE) images and elemental maps of 
detrital diagenetic monazite grains. Grain 75 of SL17-5 contains inclusions of quartz and 
chlorite. Grain 51 of EC17-3 contains inclusions of quartz, albite, and rutile. Relative Th 
and U concentrations are lower in DDM when compared to detrital monazite in figure 
4.15. 
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Figure 4.18. Representative BSE images and elemental maps of zoned detrital monazite 
grains. Grain 29 of EC17-1B displays a low Th and U diagenetic or metamorphic rim 
(466 Ma) on an igneous/metamorphic core (824 Ma). Grain 73 of SL17-5 displays 
complex, patchy zoning.
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Grundy Formation 
EC17-1B, EC17-2, and EC17-3 
 Sample EC17-1B of the Grundy Formation had 48 grains analyzed, sample EC17-
2 had 13 grains analyzed, and sample EC17-3 had 62 grains analyzed. The detrital 
monazite age spectrum yields the inference that the primary sediment source for the 
Grundy Formation is derived from the Taconic, Acadian, and Neoacadian orogenic 
events, with only minor age modes older than ~500 Ma. No grains recorded ages above 
~1000 Ma. This is in stark contrast with the age spectrum provided by zircon U-Pb, in 
which very few ages younger than about 900 Ma were recorded (Figure 4.18). 
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Figure 4.19. Detrital monazite age histogram plots of all Grundy Formation samples 
(EC17-1B, EC17-2, and EC17-3). Grey shaded bars represent significant magmatic or 
metamorphic events within the Laurentian continent. Red line marks the age of 
deposition of the Grundy Formation (312 Ma). 
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Corbin Sandstone 
SL17-5  
 Sample SL17-5 of the Corbin Sandstone had 48 grains analyzed. Dominant age 
modes are associated with the Taconic, Acadian, and Neoacadian orogenies with less 
prominent age modes falling between ~500 Ma and 1100 Ma and eight grains with ages 
ranging from ~1500 Ma to 2600 Ma. All grains older than about 500 Ma don’t seem to be 
strongly associated with any particular orogenic event (Figure 4.19). Overall, sample 
SL17-5 detrital monazite ages show an older provenance than that of the EC17 samples. 
This is similar to the U-Pb ages of zircon, where Archaean grains of the Corbin 
Sandstone are prominent while the oldest ages of zircons in the Grundy Formation are 
~1900 Ma.
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Figure 4.20. Detrital monazite age histogram plot of Corbin Sandstone sample SL17-5. 
Grey shaded bars represent significant magmatic or metamorphic events within the 
Laurentian continent. Red line marks the age of deposition of the Corbin Sandstone (312 
Ma). 
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Breathitt Core Samples 
R9-22 
 Breathitt core sample, R9-22, had 43 grains analyzed. The detrital monazite age 
spectrum yields a dominant age mode associated with the Taconic, Acadian, Neoacadian, 
and Alleghenian orogenies. There are no prominent age peaks after about 500 Ma, with 
single grains ranging in age from ~600 Ma to ~2600 Ma (Figure 4.20). 
R9-52 
 Breathitt core sample, R9-52, had 27 grains analyzed. The detrital monazite age 
spectrum is similar to that of R9-22, with one dominant age mode associated with the 
Taconic, Acadian, and Neoacadian orogenies and single grains with ages ranging from 
~600 Ma to ~2600 Ma (Figure 4.20).
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Figure 4.21. Detrital monazite age histogram plots of KGS core samples R9-22 (A) and 
R9-52 (B). Grey shaded bars represent significant magmatic or metamorphic events 
within the Laurentian continent. Red line marks the age of deposition of the Breathitt 
Group (~312 Ma). 
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Detrital Diagenetic Monazite 
Detrital diagenetic monazite (DDM), as the name suggests, is formed within 
sedimentary rocks under diagenetic conditions. Texturally, DDM is distinctly different 
compared to detrital monazite (Figure 4.16a and 4.16b), with the former containing 
abundant inclusions of secondary minerals such as rutile, K-feldspar, albite, chlorite, 
muscovite, and quartz.  
First-cycle DDM grains are possible only if the age of the DDM is less than the 
age of deposition of the sandstones in question (in this case <312 Ma). Any DDM ages 
older than the age of deposition of the sandstone from which they were observed would 
prove sediment recycling (Moecher et. al., 2016, 2019). Any first-cycle diagenetic 
monazite deposited in a second-cycle sediment will still record the age of diagenesis of 
the first-cycle sediment from which it was formed. If, then, a diagenetic monazite is 
observed in the Grundy Formation or Corbin Sandstone but records a Th-Pb age older 
than the age of deposition (312 Ma), then that diagenetic monazite grain has formed 
within an older sedimentary unit and has been recycled. The Th-Pb age of the diagenetic 
monazite could record the depositional age of the first-cycle sediment depending on lag 
time between deposition and diagenesis. Alternatively, the Th-Pb age of the diagenetic 
monazite could approach the depositional age of the second-cycle sediment, depending 
on lag time between erosion of the first-cycle sediment and deposition of the second-
cycle sediment (Moecher et al., 2019). Either way, the presence of diagenetic monazite 
older than the age of deposition (312 Ma) of the Grundy Formation (Figure 4.21) and 
Corbin Sandstone (Figure 4.22) proves sediment recycling.  
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Figure 4.22. Detrital diagenetic monazite (DDM) age histogram plot of all Grundy 
Formation samples (EC17-1B, EC17-2, and EC17-3). First-cycle diagenetic monazite 
grains are possible only if the Th-Pb age is less than the age of deposition (312 Ma). Th-
Pb ages of diagenetic monazite older than the age of deposition indicates sediment 
recycling. Grey shaded bars represent significant magmatic or metamorphic events within 
the Laurentian continent. Red line marks the age of deposition of the Grundy Formation 
(312 Ma). 
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Figure 4.23. Detrital diagenetic monazite (DDM) age histogram plot of Corbin Sandstone 
sample SL17-5. First-cycle diagenetic monazite grains are possible only if the Th-Pb age 
is less than the age of deposition (312 Ma). Th-Pb ages of diagenetic monazite older than 
the age of deposition indicates sediment recycling. Grey shaded bars represent significant 
magmatic or metamorphic events within the Laurentian continent. Red line marks the age 
of deposition of the Grundy Formation (312 Ma).
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Detrital Zircon Thermochronology 
 The U-Th/He ages and constraints for detrital zircons from the Grundy and 
Corbin are listed in Appendix C. To account for the effect of radiation damage on He loss 
in metamict grains, only zircon grains with relatively low concentrations of effective 
uranium (eU) were selected for He dating. In total, 76 of the 108 selected zircon grains 
were ultimately dated for He based on grain geometry, size, and concentration of eU. The 
average concentration of eU from the 76 zircon grains was 222 ppm.  
Grundy Formation  
 The results for U-Th/He dating of detrital zircon from the Grundy Formation 
(EC17-1B, EC17-2 and EC17-3) are summarized in figures 4.23 and 4.24. Sample EC17-
1B had 18 grains analyzed. All but three grains have Mesoproterozoic U-Pb 
crystallization ages associated with the Ottawan and Shawinigan phases of the Grenville 
orogeny. Helium ages for these grains correlate to the Taconic, Acadian/Neo-Acadian, 
and Alleghenian orogenies (~300 – 450 Ma). Two grains have Taconic U-Pb ages (404 
Ma and 439 Ma) and respective U-Th/He ages of 368 Ma and 431 Ma. One grain has a 
U-Pb age associated with the Elzevirian phase of the Grenville orogeny with a helium age 
associated with the Neo-Acadian. 
 Sample EC17-2 had 24 grains dated for He. Most zircon grains have U-Pb ages 
associated with the Ottawan and Shawinigan “Grenville doublet,” with one grain from 
the Elzevirian, one from the Pre-Elzevirian, and two from the Granite-Rhyolite province. 
All U-Th/He ages from these grains fall between 326 Ma and 426 Ma. 
 Sample EC17-3 had 16 grains dated for He. All grains but two have U-Pb 
crystallization ages associated with the “Grenville doublet.” The two other grains have U-
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Pb ages associated with the Elzevirian orogeny and Granite-Rhyolite province. All but 
one of the helium ages fall between 320 Ma and 435 Ma. The one outlier is an Ottawan 
grain with a helium age of 507 Ma, associated with exhumation during the Cambrian. 
Corbin Sandstone 
 The results for U-Th/He dating of detrital zircon from the Corbin Sandstone 
(SL17-5) are summarized in figures 4.23 and 4.24. Sample SL17-5 had 18 zircon grains 
dated for U-Th/He. Of the 18 grains analyzed, 10 have “Grenville doublet” U-Pb age 
modes with associated helium ages associated with the Taconic, Acadian/Neo-Acadian 
orogenies. No Alleghenian helium ages are present. Three grains have Grenville U-Pb 
ages, but with helium ages of 750 Ma, 886 Ma, and 912 Ma. Two grains have Taconic U-
Pb ages as well as helium ages. One grain has crystallization during the Yavapai-
Mazatzal orogeny and low temperature cooling during the Taconic. One grain has a U-Pb 
crystallization age of 2364 Ma with an exhumation age of 520 Ma. One grain has a 
crystallization age of 2878 Ma with a helium exhumation age of 390 Ma. 
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Figure 4.24. A plot of U-Pb age against U-Th/He age of detrital zircon from Grundy 
formation samples EC17-1B, EC17-2, and EC17-3, and Corbin Sandstone sample SL17-
5. t is the difference between the U-Pb (crystallization) and U-Th/He 
(cooling/exhumation) ages. U-Th/He ages of zircons cooled/exhumed during the Taconic, 
Acadian, Neo-Acadian, and Alleghenian orogenies are shown by the shaded horizontal 
bars. U-Pb ages of zircons crystallized during the Ottawan and Shawinigan phases of the 
Grenville orogeny are shown by the shaded vertical bars. The red line represents the 
depositional age of the Grundy Fm. and Corbin Ss. (312 Ma). 
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Figure 4.25. Probability density plot of detrital zircon U-Pb ages (blue) and U-Th/He 
ages (red) of double dated zircon grains. Shaded bars represent orogenic events 
associated with zircon crystallization—as is the case for the blue peaks—or zircon 
cooling/exhumation, which is the case for the red peaks. The green line represents the 
depositional age of the Grundy Formation and the Corbin Sandstone (312 Ma). 
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 DISCUSSION 
The recognition and quantification of recycling is critical for sedimentary 
provenance studies. This study utilizes U-Pb and Th-Pb geochronology of detrital zircon 
and monazite and U-Th/He thermochronology for zircon along with petrographic analysis 
to quantify the extent of sediment recycling in laterally equivalent Pennsylvanian 
sandstones. Before attempting to quantify recycling, however, it is imperative to first 
demonstrate that recycling has occurred.  
Detrital Zircon Geochronology 
U-Pb ages from detrital zircons within the middle Pennsylvanian aged Grundy 
Formation and Corbin Sandstone yield the timing of high temperature crystallization or 
metamorphism at or above around 950 C. The U-Pb method in zircon is well-suited in 
determining the “true source” of detrital sediments but lacks in its ability to trace major 
deformational and erosional events that occur below the high-grade 
metamorphic/crystallization threshold.  
U-Pb ages from detrital zircon collected from the Grundy Formation (312 Ma) 
imply that sediment is sourced mainly from the Laurentian margin. The two largest age 
modes are associated with the Ottawan and Shawinigan phases of the Grenville orogeny, 
which is not surprising, based on previous works (Moecher et. al., 2006a; 2006b; Samson 
et. al., 2016) dedicated to illuminating zircon fertility within the Grenville, and the 
resulting over-representation of the Grenville orogeny in Appalachian zircons. Other, 
minor age modes associated with the Laurentian margin include the Elzevirian and Pre-
Elzevirian phases of the Grenville Orogeny and small fraction of grains derived from the 
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Taconic Orogeny. The Granite-Rhyolite Province is the only zircon forming event 
outside of the Laurentian margin that contributed sediment to the Grundy Formation.  
On the other hand, U-Pb ages of detrital zircons from the Corbin Sandstone (312 
Ma) imply an older and more diverse sediment source history. Along with major age 
modes associated with Laurentian margin orogenies (Taconic, Grenville, and Granite-
Rhyolite), the Corbin Sandstone also contained zircons sourced from the continental 
interior (Yavapai-Mazatzal and Kenoran Orogenies). Overall, the Corbin Sandstone 
contains older zircon grains than the Grundy Formation, with the oldest grains in the 
Corbin being 3124 Ma and 3765 Ma, while the oldest grains in the Grundy are 2707 Ma 
and 2729 Ma. This zircon age discrepancy implies a longer, and more complex, detrital 
source history for the Corbin Sandstone and indicates a greater probability of recycling 
relative to the Grundy Formation. 
Zircon U-Pb ages from Breathitt core samples R9-22 and R9-52 show a striking 
resemblance to that of the Grundy and Corbin, respectively. This similarity in U-Pb ages 
implies that R9-22 likely has a provenance that parallels that of the Grundy and R9-52 
has a provenance that parallels that of the Corbin.  
Although the depositional ages of the Corbin Sandstone and Grundy Formation 
are the same, the depositional environments for the two were very different. The Grundy 
Formation was formed within a lowstand-transgressive to highstand marine environment, 
although it is most likely that the section of the Grundy sampled for this thesis was within 
a transitional tidal zone. Figure 2.5 displays what the depocenter during Grundy 
deposition may have looked like—the basin axis oriented parallel to the axis of the 
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Alleghenian front—with a transverse drainage system feeding the basin with Appalachian 
sediments from the east.  
The Corbin Sandstone is a bedload (braided) stream deposit that occurred during a 
regional low-stand (Rice, 1984; Rice and Schwietering, 1988; Wizevich, 1991, 1992, 
1993; Barnhill, 1995). Based on paleogeographic reconstruction, the paleodrainage for 
the Central Appalachian Basin, which includes the Corbin Sandstone, is estimated to be 
comparable in scale to the modern Amazon River drainage area (Figure 2.4) (Archer and 
Greb, 1995). It is likely that this massive river system had the capacity to transport 
sediment from a variety of sources—as far north as Newfoundland, Labrador, or 
southwest Greenland—based on the oldest zircon ages. The major detrital zircon 
signature from the Superior Province (Kenoran Orogeny) of the Laurentian Craton 
implies a geographically and temporally expansive transport history for much of the 
sediment found in the Corbin Sandstone. 
Detrital Monazite Geochronology 
Th-Pb dating of detrital monazite has a greater potential than zircon U-Pb to yield 
ages over a wide range of thermotectonic events; this includes igneous, low- to high-
grade metamorphic, and diagenetic processes (Rasmussen and Muhling, 2009). Th-Pb 
ages of detrital monazite from the middle Pennsylvanian Grundy Formation and Corbin 
Sandstone yield younger ages than detrital zircon U-Pb from the same units. According to 
monazite Th-Pb, the primary sediment source for the Grundy Formation is derived from 
the Laurentian margin but almost completely lacks the prominent Grenville age modes 
that were so prominent in the detrital zircon samples.  
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Detrital monazite Th-Pb ages from the Corbin Sandstone shows younger ages 
when compared to zircon U-Pb from the same sample, but older ages when compared to 
monazite Th-Pb from the Grundy Formation. Monazite Th-Pb ages indicate that the 
primary sediment source for the Corbin Sandstone was from the Laurentian margin with 
a lesser, but still prominent, component derived from the continental interior. 
Detrital Diagenetic Monazite  
Through the combined use of backscatter electron (BSE) imaging and detrital 
monazite geochronology, the occurrence of sediment recycling in this clastic system can 
be proven. Detrital diagenetic monazite (DDM) is formed authigenically within a 
sediment during diagenesis (Evans and Zalasiewics, 1996; Rasmussen et. al., 2001; 
Evans et. al., 2002; Rasmussen, 2005a; Rasmussen and Muhling, 2007, 2009; Mahan et. 
al., 2010; Allaz et. al., 2013). First-cycle DDM grains are possible only if the age of the 
DDM is less than the age of deposition; in this case <312 Ma. As portrayed in figures 
4.21 and 4.22, all dated DDM grains have ages older than the age of deposition of the 
Grundy and Corbin from which they were found, thus proving sediment recycling.  
Detrital Zircon Thermochronology 
 Detrital zircon U-Th/He dating was performed on zircon grains previously dated 
for U-Pb. This double-dating method basically provides two ages; the U-Pb age indicates 
the true source (i.e., high temperature crystallization >900 C), while the U-Th/He age 
indicates the immediate source and approximates when the zircon grain was released into 
the sediment transport chain. The difference between these two ages (t) can be used to 
differentiate first-cycle grains from multi-cycle grains (Campbell et. al., 2005). The 
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difference between granite formation and exhumation (t) for a first-cycle zircon grain is 
determined based on a few variables, the most important of which is the 
exhumation/uplift rate of the orogenic event that formed the granite. In this study most 
zircon grains were formed during the Grenville Orogeny, so it seemed intuitive that these 
would be the grains to be double-dated.  
Post-Grenville exhumation rates ranged from 0.033 to 0.133 km/myr (Cosca et. 
al., 1991). Using a geothermal gradient of 30C/km (Cosca et. al., 1991) zircons would 
pass through the U-Pb closure temperature (Tc = ~900C) at a depth of about 30 km and 
would pass through the U-Th/He closure temperature (~180C) at a depth of 6 km. Using 
this difference in depth and rates of post-Grenville uplift, a t cutoff between first-cycle 
and multi-cycle Grenville zircons can be made. Using the slowest rate of uplift (0.033 
km/myr) a zircon grain would take approximately 720 Ma to go from crystallization 
through the ZHe closure temperature (~180C) (Figure 5.1). Using the quickest rate of 
uplift (0.133 km/myr) a zircon grain would take approximately 180 Ma to go from 
crystallization through the ZHe closure temperature (Figure 5.2). Using a median rate of 
uplift (0.083 km/myr) a zircon grain would take approximately 288 Ma to go from 
crystallization through the ZHe closure temperature (Figure 5.3).  
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Figure 5.1. A plot of U-Pb age against U-Th/He age of detrital zircon. t is the difference 
between the U-Pb (crystallization) and U-Th/He (cooling/exhumation) ages. The diagonal 
blue shaded bar indicates a 720 Ma t cutoff between first-cycle and multi-cycle grains. 
All grains within the blue shaded bar are considered first-cycle while all grains outside 
are considered multi-cycle. The red line represents the depositional age of the Grundy 
Fm. and Corbin Ss. (312 Ma). 
  
  
 77 
 
Figure 5.2. A plot of U-Pb age against U-Th/He age of detrital zircon. t is the difference 
between the U-Pb (crystallization) and U-Th/He (cooling/exhumation) ages. The diagonal 
blue shaded bar indicates a 180 Ma t cutoff between first-cycle and multi-cycle grains. 
All grains within the blue shaded bar are considered first-cycle while all grains outside 
are considered multi-cycle. The red line represents the depositional age of the Grundy 
Fm. and Corbin Ss. (312 Ma).  
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Figure 5.3. A plot of U-Pb age against U-Th/He age of detrital zircon. t is the difference 
between the U-Pb (crystallization) and U-Th/He (cooling/exhumation) ages. The diagonal 
blue shaded bar indicates a median 288 Ma t cutoff between first-cycle and multi-cycle 
grains. All grains within the blue shaded bar are considered first-cycle while all grains 
outside are considered multi-cycle. The red line represents the depositional age of the 
Grundy Fm. and Corbin Ss. (312 Ma).  
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The latter two scenarios (Figures 5.2 and 5.3) would indicate that all Grenville 
zircons are recycled. This would mean that the grains were exhumed sometime after 
crystallization (likely in Neoproterozoic and Cambrian rift sediments), buried below the 
ZHe Tc (thus resetting the He ages), and uplifted again during the subsequent Taconic, 
Acadian, and Alleghenian orogenic events.  
The first scenario (Figure 5.1) would indicate that many of the Grenville grains 
are actually first-cycle due to a slow exhumation rate. This would mean that the grains 
were first exhumed from their Mesoproterozoic-aged orogen during the Ordovician to 
Devonian (t = ~500 to 800 Ma), possibly due to the collisional events of the Taconic, 
Acadian, and Alleghenian orogenies. Both of these possible scenarios are represented in 
figure 5.4. 
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Figure 5.4. Possible temperature-time paths of Grenville aged zircons. The red line 
indicates the thermal path of recycled Grenville zircons exhumed during the 
Neoproterozoic/Cambrian, buried below the zircon helium partial retention zone (He 
resetting), and uplifted through the PRZ again during post-Taconic, Acadian, or 
Alleghenian orogenesis. The blue line indicates the thermal path of slowly cooled 
Grenville zircons exhumed during the subsequent Taconic, Acadian, or Alleghenian 
orogenies. The purple line indicates possible thermal paths following deposition in the 
Pennsylvanian.    
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QtQt Thermal Modelling  
 For the Grundy Formation in particular, post-depositional temperatures reached 
that of coal grade. If post-depositional temperatures of the Grundy Formation extended to 
that of the zircon helium partial retention zone (~130–200C) then it is possible that 
zircon helium ages could have been partially or completely reset. This would result in 
erroneously young zircon helium ages and data unable to be used in determining the 
extent of sediment recycling. To model the post-depositional thermal maturity of the 
Grundy Formation, the thermal modelling software QtQt was utilized. Inputs into the 
software included vitrinite reflectance (Rmean) data from the Fire Clay Coal and Pond 
Creek Coal within the Breathitt Group (O’Hara et. al., 1990; Boettcher and Milliken, 
1994) Apatite fission track data (Boettcher and Milliken, 1994), and zircon helium data 
gathered in this study. The resulting post-depositional temperature-time path for the 
Grundy Formation is displayed in figure 5.5. It can be seen that a maximum temperature 
of ~120C was reached during the Jurassic. It is concluded, therefore, that the zircon 
grains did not reach the zircon partial retention zone following Pennsylvanian deposition 
and that the helium ages obtained in this study are true. 
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Figure 5.5. Temperature-time path of Grundy Formation following Pennsylvanian 
deposition. TD marks the timing of deposition. The blue line indicates the temperature-
time path, while the purple lines indicate the error envelope. The red line marks the 
zircon helium closure temperature (~180C) with the zircon helium partial retention zone 
is shown ranging from 120C to 200C. The temperature-time path was modelled using 
QtQt thermal modelling software.  
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Source of Recycled Sediment 
 Previous studies on Neoproterozoic and Cambrian rift meta-sediments and 
sandstones, such as the Walden Creek (Kelly, 2014) and the greater Ocoee Supergroup 
(Chakraborty, 2010), Hawke Bay and Bradore formations of the Labrador Group 
(Cawood and Nemchin, 2001), and Basal Cambrian (Satkoski et. al., 2010) all show 
striking resemblance in zircon U-Pb geochronology when compared to the Grundy 
Formation and the Corbin Sandstone. The typical Grenville age doublet that is so 
prevalent in Appalachian Basin sediments dominates sediments that were deposited soon 
after the Grenville Orogeny, when the Iapetan passive margin was forming as a result of 
the breakup of Rodinia (Cawood et. al., 2001). These sandstones and meta-sediments 
were likely the source for much of the zircon—and therefore sediment—of Alleghenian 
clastic wedge sediments as these Neoproterozoic/Cambrian sedimentary rocks were 
likely uplifted and exposed during subsequent Appalachian orogenies during the closure 
of the Iapetus Ocean and the formation of the Laurentian supercontinent. The stacked 
histogram of figure 5.6 shows the similarities in zircon U-Pb ages from Neoproterozoic 
and Cambrian rift sediments and how they compare to the Grundy and Corbin U-Pb data 
collected in this thesis.  
Both the Grundy and Corbin have a substantial recycled component. It is 
important to point out the older zircon ages of the Corbin Sandstone when compared to 
the Grundy Formation and how it suggests a higher degree of recycling. Zircon ages of 
the Corbin Sandstone exhibit noticeable similarities to the zircon ages of the Labrador 
Group, near present-day Newfoundland. The age mode associated with the Superior 
Province—or Kenoran Orogeny—are visible in both samples (Figure 5.5). Zircon grains 
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of this age mode must have been transported from the Laurentian craton to be deposited 
in rift-to-drift sediments of the Neoproterozoic and Cambrian. Although zircon grains of 
this age in the Corbin were not dated for U-Th/He, it can be postulated beyond a 
reasonable doubt that zircons of Superior Province age mode in the Corbin Sandstone are 
recycled. Furthermore, detrital grains originally derived from the Taconic, Acadian, and 
Alleghenian orogenies (mainly detrital metamorphic monazite) likely did not have 
enough time to be deposited, buried, and uplifted (i.e., recycled) before being deposited 
in the Pennsylvanian, and are therefore likely first-cycle grains. 
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Figure 5.6. Stacked histogram of the Grundy Formation, Corbin Sandstone, and 
Neoproterozoic and Cambrian Iapetan rift-to-drift sandstones and metasediments. 
Similarities in zircon U-Pb ages—most notably that of the Grenville-doublet—suggests 
that much of the detrital component in the Grundy Formation and Corbin Sandstone may 
have been sourced from Neoproterozoic and Cambrian rift sediments (i.e., they are 
recycled).   
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 CONCLUSIONS 
1. The detrital zircon U-Pb age spectrum for the Corbin Sandstone is temporally 
more expansive compared to the Grundy Formation. Both Pennsylvanian 
sandstones have a large component of Mesoproterozoic “Grenville ages” as well 
as a lesser component from the Taconic Orogeny and Granite Rhyolite Province. 
The Corbin Sandstone has prominent age modes from the Yavapai-Mazatzal and 
Kenoran oregenies, which is completely lacking in the Grundy Formation. This 
suggests the likelihood of the Corbin Sandstone having a higher degree of 
recycled sediment than the Grundy Formation. In addition, Breathitt core sample 
R9-22 (sublitharenite) and R9-52 (quartz arenite) have strikingly similar U-Pb age 
spectrums compared to the Grundy Formation (sublitharenite) and the Corbin 
Sandstone (quartz arenite), respectively. This suggests that all sublitharenites in 
the Alleghenian clastic wedge have a similar provenance; the same would apply 
for all quartz arenites. 
2. The detrital monazite Th-Pb age spectrum for the Corbin Sandstone and Grundy 
Formation show mainly Taconic, Acadian, and Neo-Acadian age modes, with 
some ages associated with the Alleghenian in the Grundy Formation. Both 
sandstones have only a minor age mode associated with Grenville orogeny. The 
Corbin Sandstone is temporally more expansive with a few grains ranging up to 
2600 Ma, while the Grundy Formation has virtually no grains older than 1100 
Ma. The detrital monazite age spectrum of Breathitt core samples R9-22 and R9-
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52 show resemblance to that of the Grundy Formation and Corbin Sandstone, 
respectively.  
3. Detrital diagenetic monazite with Th-Pb ages older than the age of deposition 
(312 Ma) proves that sediment recycling has occurred in both the Grundy 
Formation and the Corbin Sandstone. 
4. U-Th/He dating of mainly Mesoproterozoic aged detrital zircons shows cooling 
through the zircon helium closure temperature (~180C) during the Ordovician to 
Devonian. Using post-Grenville exhumation rates of 0.033 to 0.133 km/myr the 
median t would lie at the 288 Ma isochron, marking the cutoff between first-
cycle and multi-cycle grains. The variability of exhumation rates makes it so that 
the t cutoff between first-cycle and multi-cycle grains also varies; ranging from 
180 Ma to 720 Ma. This would imply that post-Grenville exhumation may have 
been quick enough to exhume and deposit sediments in the Neoproterozoic to 
Cambrian, or so slow that exhumation would not have occurred until the 
Ordovician to Devonian.  
5. The sediments that source the Grundy Formation and Corbin Sandstone are 
comprised of both first-cycle and multi-cycle grains. Detrital zircons with Taconic 
ages and detrital monazite with Taconic, Acadian, Neo-Acadian, and Alleghanian 
age modes are considered first-cycle. Detrital zircon and monazite with Grenville 
age modes are most likely recycled from Neoproterozoic and Cambrian rift 
sediments, while a minor component may be first-cycle based on slow 
exhumation rates. Detrital zircon and monazite with age modes older than the 
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Grenville (Granite-Rhyolite, Yavapai-Mazatzal, and Kenoran orogenies) are 
likely all multi-cycle, derived from Neoproterozoic and Cambrian rift sediments. 
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Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 289 333 
76486 2.6 17.9512 0.8 0.4970 1.3 0.0647 1.0 0.78 404.4 4.0 409.7 4.4 439.7 18.0 404.4 4.0 92.0 
Moecher EC17-1B 16Dec2017-Spot 307 260 
79811 3.5 17.8882 0.7 0.5291 1.3 0.0687 1.0 0.82 428.1 4.3 431.2 4.4 447.5 16.0 428.1 4.3 95.7 
Moecher EC17-1B 16Dec2017-Spot 167 390 
96332 1.5 17.8279 0.8 0.5453 1.3 0.0705 1.0 0.80 439.4 4.3 441.9 4.6 455.0 17.1 439.4 4.3 96.6 
Moecher EC17-1B 16Dec2017-Spot 217 296 
56274 2.0 17.6325 0.9 0.5766 1.3 0.0738 1.0 0.76 458.8 4.5 462.3 5.0 479.4 19.0 458.8 4.5 95.7 
Moecher EC17-1B 16Dec2017-Spot 149 132 
179772 1.7 16.8588 1.1 0.7198 1.5 0.0881 1.0 0.70 544.0 5.4 550.6 6.4 577.8 23.3 544.0 5.4 94.2 
Moecher EC17-1B 16Dec2017-Spot 89 805 
1997483 2.3 17.0698 0.7 0.7163 1.2 0.0887 1.0 0.82 548.0 5.3 548.5 5.2 550.7 15.3 548.0 5.3 99.5 
Moecher EC17-1B 16Dec2017-Spot 282 162 
74255 0.9 16.5581 0.7 0.7837 1.1 0.0942 0.8 0.76 580.1 4.6 587.6 4.9 616.7 15.5 580.1 4.6 94.1 
Moecher EC17-1B 16Dec2017-Spot 177 232 
104100 1.3 16.2782 0.7 0.8032 1.2 0.0949 1.0 0.83 584.3 5.8 598.7 5.7 653.5 14.8 584.3 5.8 89.4 
Moecher EC17-1B 16Dec2017-Spot 227 112 
293784 2.1 15.1971 0.9 1.1119 1.4 0.1226 1.1 0.78 745.5 7.9 759.1 7.7 799.2 18.8 745.5 7.9 93.3 
Moecher EC17-1B 16Dec2017-Spot 190 110 
62715 1.6 14.3356 0.8 1.4175 1.1 0.1474 0.7 0.67 886.6 6.0 896.3 6.4 920.3 16.4 920.3 16.4 96.3 
Moecher EC17-1B 16Dec2017-Spot 178 293 
145936 3.9 14.2994 0.6 1.5347 1.0 0.1592 0.8 0.80 952.5 6.9 944.4 6.1 925.5 12.3 925.5 12.3 102.9 
Moecher EC17-1B 16Dec2017-Spot 79 133 
466318 3.8 14.2850 0.6 1.4702 1.2 0.1524 1.0 0.87 914.3 8.9 918.2 7.2 927.6 12.2 927.6 12.2 98.6 
Moecher EC17-1B 16Dec2017-Spot 199 186 
38012 2.1 14.2333 0.7 1.4896 1.5 0.1538 1.3 0.87 922.4 11.3 926.2 9.2 935.0 15.0 935.0 15.0 98.7 
Moecher EC17-1B 16Dec2017-Spot 309 343 
210937 2.8 14.1602 0.6 1.4737 1.0 0.1514 0.9 0.81 908.9 7.2 919.6 6.3 945.5 12.5 945.5 12.5 96.1 
Moecher EC17-1B 16Dec2017-Spot 209 189 
59758 3.0 14.1432 0.8 1.4586 1.4 0.1497 1.1 0.81 899.2 9.5 913.4 8.4 948.0 16.6 948.0 16.6 94.9 
Moecher EC17-1B 16Dec2017-Spot 87 292 
97394 3.3 14.0059 0.5 1.5584 1.2 0.1584 1.0 0.88 947.7 9.0 953.8 7.2 968.0 11.2 968.0 11.2 97.9 
Moecher EC17-1B 16Dec2017-Spot 311 168 
169133 2.0 13.9860 0.6 1.5341 1.2 0.1557 1.0 0.84 932.7 8.7 944.1 7.3 970.9 12.9 970.9 12.9 96.1 
Moecher EC17-1B 16Dec2017-Spot 43 145 
60399 1.8 13.9484 0.9 1.5784 1.5 0.1597 1.1 0.78 955.3 10.1 961.7 9.1 976.3 18.7 976.3 18.7 97.9 
Moecher EC17-1B 16Dec2017-Spot 261 121 
191435 1.9 13.9192 0.9 1.5444 1.2 0.1560 0.8 0.68 934.4 7.0 948.3 7.3 980.6 17.8 980.6 17.8 95.3 
Moecher EC17-1B 16Dec2017-Spot 71 122 
98441 5.1 13.8487 0.7 1.6446 1.0 0.1653 0.7 0.72 985.9 6.5 987.5 6.3 991.0 14.1 991.0 14.1 99.5 
Moecher EC17-1B 16Dec2017-Spot 195 66 
168210 1.0 13.8460 0.9 1.4800 1.3 0.1487 1.0 0.73 893.6 8.2 922.2 8.2 991.3 18.9 991.3 18.9 90.1 
Moecher EC17-1B 16Dec2017-Spot 288 133 
43830 3.4 13.8442 0.7 1.6213 1.4 0.1629 1.2 0.85 972.7 10.7 978.5 8.7 991.6 14.6 991.6 14.6 98.1 
Moecher EC17-1B 16Dec2017-Spot 101 125 
93677 2.7 13.8143 0.8 1.6699 1.1 0.1674 0.8 0.72 997.7 7.7 997.1 7.3 996.0 16.1 996.0 16.1 100.2 
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Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 251 93 
30614 2.6 13.8117 0.9 1.7393 1.4 0.1743 1.1 0.78 1035.8 10.2 1023.2 8.8 996.4 17.4 996.4 17.4 104.0 
Moecher EC17-1B 16Dec2017-Spot 49 192 
3312246 2.0 13.8031 0.8 1.6098 1.3 0.1612 1.1 0.81 963.6 9.7 974.0 8.4 997.6 15.8 997.6 15.8 96.6 
Moecher EC17-1B 16Dec2017-Spot 126 198 
98623 2.7 13.7818 0.7 1.6656 1.4 0.1666 1.2 0.84 993.1 10.7 995.5 8.8 1000.8 15.1 1000.8 15.1 99.2 
Moecher EC17-1B 16Dec2017-Spot 221 83 
45455 1.9 13.7673 0.7 1.6438 1.2 0.1642 1.0 0.81 980.1 9.0 987.2 7.8 1002.9 14.7 1002.9 14.7 97.7 
Moecher EC17-1B 16Dec2017-Spot 53 266 
256580 1.8 13.7551 0.7 1.6610 1.2 0.1658 0.9 0.79 988.8 8.7 993.7 7.6 1004.7 14.7 1004.7 14.7 98.4 
Moecher EC17-1B 16Dec2017-Spot 222 156 
86701 3.6 13.7539 0.8 1.6854 1.3 0.1682 1.1 0.81 1002.1 9.9 1003.0 8.3 1004.9 15.4 1004.9 15.4 99.7 
Moecher EC17-1B 16Dec2017-Spot 152 28 
27154 1.2 13.7430 0.9 1.6373 1.4 0.1633 1.1 0.75 974.9 9.8 984.7 9.1 1006.5 19.2 1006.5 19.2 96.9 
Moecher EC17-1B 16Dec2017-Spot 70 361 
82308 4.0 13.7373 0.6 1.6622 1.2 0.1657 1.1 0.86 988.3 9.7 994.2 7.8 1007.3 12.8 1007.3 12.8 98.1 
Moecher EC17-1B 16Dec2017-Spot 254 422 
272684 2.4 13.7278 0.6 1.6740 1.3 0.1667 1.2 0.89 994.2 11.1 998.7 8.6 1008.7 12.2 1008.7 12.2 98.6 
Moecher EC17-1B 16Dec2017-Spot 66 143 
50633 3.8 13.7020 0.8 1.7110 1.2 0.1701 0.9 0.76 1012.7 8.5 1012.7 7.6 1012.5 15.7 1012.5 15.7 100.0 
Moecher EC17-1B 16Dec2017-Spot 82 292 
110756 4.5 13.7001 0.7 1.6707 1.4 0.1661 1.2 0.86 990.5 11.4 997.5 9.1 1012.8 14.6 1012.8 14.6 97.8 
Moecher EC17-1B 16Dec2017-Spot 252 268 
210570 4.3 13.6850 0.7 1.7357 1.3 0.1723 1.1 0.86 1025.0 10.7 1021.9 8.4 1015.1 13.4 1015.1 13.4 101.0 
Moecher EC17-1B 16Dec2017-Spot 308 183 
57395 2.7 13.6773 0.8 1.7191 1.4 0.1706 1.1 0.82 1015.5 10.5 1015.7 8.8 1016.2 15.9 1016.2 15.9 99.9 
Moecher EC17-1B 16Dec2017-Spot 41 132 
29153 2.5 13.6645 0.7 1.7153 1.2 0.1701 1.0 0.81 1012.5 9.1 1014.3 7.7 1018.1 14.2 1018.1 14.2 99.4 
Moecher EC17-1B 16Dec2017-Spot 253 123 
134633 2.0 13.6644 0.8 1.7182 1.4 0.1704 1.1 0.80 1014.1 10.7 1015.4 9.1 1018.1 17.0 1018.1 17.0 99.6 
Moecher EC17-1B 16Dec2017-Spot 162 216 
51183 1.5 13.6512 0.7 1.6984 1.2 0.1682 1.0 0.83 1002.3 9.0 1007.9 7.5 1020.1 13.4 1020.1 13.4 98.3 
Moecher EC17-1B 16Dec2017-Spot 242 146 
110579 4.7 13.6476 0.8 1.6767 1.4 0.1660 1.2 0.83 990.2 10.9 999.7 9.1 1020.6 16.1 1020.6 16.1 97.0 
Moecher EC17-1B 16Dec2017-Spot 157 284 
212261 2.4 13.6385 0.6 1.7618 1.1 0.1743 0.9 0.81 1036.0 8.4 1031.5 7.0 1022.0 12.8 1022.0 12.8 101.4 
Moecher EC17-1B 16Dec2017-Spot 17 194 
40834 2.9 13.6365 0.7 1.8114 1.2 0.1792 0.9 0.80 1062.7 9.3 1049.6 7.8 1022.3 14.4 1022.3 14.4 104.0 
Moecher EC17-1B 16Dec2017-Spot 8 781 
178497 2.4 13.6342 0.7 1.7165 1.3 0.1698 1.1 0.86 1011.0 10.3 1014.7 8.2 1022.6 13.3 1022.6 13.3 98.9 
Moecher EC17-1B 16Dec2017-Spot 240 240 
282999 3.3 13.6336 0.8 1.7202 1.5 0.1702 1.2 0.83 1013.0 11.4 1016.1 9.4 1022.7 16.3 1022.7 16.3 99.1 
Moecher EC17-1B 16Dec2017-Spot 197 182 
59721 5.4 13.6323 0.7 1.6973 1.3 0.1679 1.1 0.84 1000.5 9.8 1007.5 8.1 1022.9 14.0 1022.9 14.0 97.8 
Moecher EC17-1B 16Dec2017-Spot 279 99 
418376 2.1 13.6303 0.7 1.8047 1.2 0.1785 1.0 0.82 1058.7 9.9 1047.2 8.1 1023.2 14.6 1023.2 14.6 103.5 
Moecher EC17-1B 16Dec2017-Spot 32 98 
566888 2.4 13.6302 0.9 1.7422 1.3 0.1723 1.0 0.75 1024.8 9.2 1024.3 8.3 1023.2 17.3 1023.2 17.3 100.2 
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Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 116 138 
223792 1.0 13.6298 0.7 1.7569 1.2 0.1737 1.0 0.83 1032.7 9.9 1029.7 8.1 1023.3 14.0 1023.3 14.0 100.9 
Moecher EC17-1B 16Dec2017-Spot 229 466 
339628 6.0 13.6275 0.5 1.7045 1.1 0.1685 0.9 0.88 1004.1 8.8 1010.2 6.9 1023.6 10.4 1023.6 10.4 98.1 
Moecher EC17-1B 16Dec2017-Spot 148 336 
810056 8.6 13.6217 0.6 1.7423 1.1 0.1722 0.9 0.81 1024.2 8.4 1024.3 7.0 1024.4 12.9 1024.4 12.9 100.0 
Moecher EC17-1B 16Dec2017-Spot 168 521 
169019 0.8 13.6213 0.6 1.6805 1.3 0.1661 1.1 0.87 990.6 10.5 1001.2 8.4 1024.5 13.0 1024.5 13.0 96.7 
Moecher EC17-1B 16Dec2017-Spot 204 455 
260228 2.3 13.6155 0.8 1.7135 1.3 0.1693 1.0 0.80 1008.2 9.4 1013.6 8.1 1025.4 15.3 1025.4 15.3 98.3 
Moecher EC17-1B 16Dec2017-Spot 29 189 
86019 3.8 13.6066 0.6 1.7593 1.3 0.1737 1.2 0.89 1032.4 11.2 1030.6 8.6 1026.7 12.2 1026.7 12.2 100.6 
Moecher EC17-1B 16Dec2017-Spot 265 330 
132026 3.1 13.5973 0.7 1.7223 1.0 0.1699 0.7 0.70 1011.7 6.4 1016.9 6.2 1028.1 13.9 1028.1 13.9 98.4 
Moecher EC17-1B 16Dec2017-Spot 161 92 
30491 2.0 13.5867 0.8 1.7229 1.3 0.1698 1.0 0.80 1011.3 9.4 1017.1 8.1 1029.7 15.5 1029.7 15.5 98.2 
Moecher EC17-1B 16Dec2017-Spot 57 991 
94084 3.2 13.5865 0.6 1.6659 1.0 0.1642 0.8 0.80 980.2 7.4 995.6 6.5 1029.7 12.3 1029.7 12.3 95.2 
Moecher EC17-1B 16Dec2017-Spot 264 786 
553447 4.9 13.5748 0.5 1.7363 1.0 0.1710 0.8 0.85 1017.7 7.9 1022.1 6.4 1031.4 10.6 1031.4 10.6 98.7 
Moecher EC17-1B 16Dec2017-Spot 312 163 
105167 3.1 13.5747 0.6 1.7860 1.2 0.1759 1.0 0.83 1044.6 9.4 1040.4 7.6 1031.4 13.0 1031.4 13.0 101.3 
Moecher EC17-1B 16Dec2017-Spot 39 433 
104551 4.6 13.5715 0.5 1.7265 1.1 0.1700 1.0 0.88 1012.2 9.2 1018.5 7.2 1031.9 10.9 1031.9 10.9 98.1 
Moecher EC17-1B 16Dec2017-Spot 250 224 
81667 3.9 13.5689 0.6 1.7435 1.1 0.1717 1.0 0.86 1021.2 9.3 1024.8 7.4 1032.3 12.0 1032.3 12.0 98.9 
Moecher EC17-1B 16Dec2017-Spot 303 243 
180760 2.2 13.5674 0.6 1.7678 1.3 0.1740 1.2 0.88 1034.3 11.1 1033.7 8.5 1032.5 12.6 1032.5 12.6 100.2 
Moecher EC17-1B 16Dec2017-Spot 299 114 
152034 2.7 13.5642 0.7 1.7084 1.0 0.1681 0.8 0.75 1001.9 7.2 1011.7 6.6 1033.0 13.7 1033.0 13.7 97.0 
Moecher EC17-1B 16Dec2017-Spot 233 46 
51468 0.8 13.5596 0.9 1.7370 1.3 0.1709 1.0 0.75 1017.0 9.5 1022.3 8.7 1033.7 18.0 1033.7 18.0 98.4 
Moecher EC17-1B 16Dec2017-Spot 135 70 
117386 1.9 13.5547 0.8 1.8127 1.4 0.1783 1.2 0.84 1057.6 11.7 1050.1 9.4 1034.4 16.0 1034.4 16.0 102.2 
Moecher EC17-1B 16Dec2017-Spot 63 618 
1002682 4.9 13.5541 0.6 1.6987 1.1 0.1671 1.0 0.87 995.9 9.2 1008.0 7.3 1034.5 11.7 1034.5 11.7 96.3 
Moecher EC17-1B 16Dec2017-Spot 314 293 
47713 3.6 13.5502 0.7 1.7175 1.4 0.1689 1.2 0.87 1005.8 11.0 1015.1 8.8 1035.1 13.7 1035.1 13.7 97.2 
Moecher EC17-1B 16Dec2017-Spot 22 781 
121482 11.6 13.5480 0.6 1.7706 1.1 0.1741 0.8 0.80 1034.4 8.1 1034.7 6.8 1035.4 12.7 1035.4 12.7 99.9 
Moecher EC17-1B 16Dec2017-Spot 100 186 
70909 3.6 13.5475 0.7 1.7591 1.3 0.1729 1.1 0.86 1028.2 10.4 1030.5 8.3 1035.5 13.3 1035.5 13.3 99.3 
Moecher EC17-1B 16Dec2017-Spot 207 821 
398984 6.0 13.5461 0.6 1.7986 1.2 0.1768 1.0 0.86 1049.4 9.9 1045.0 7.8 1035.7 12.3 1035.7 12.3 101.3 
Moecher EC17-1B 16Dec2017-Spot 113 242 
145266 3.6 13.5399 0.5 1.7833 1.1 0.1752 1.0 0.88 1040.7 9.5 1039.4 7.3 1036.6 10.6 1036.6 10.6 100.4 
Moecher EC17-1B 16Dec2017-Spot 174 75 
28665 3.1 13.5380 0.9 1.7716 1.3 0.1740 1.0 0.74 1034.2 9.4 1035.1 8.6 1036.9 17.9 1036.9 17.9 99.7 
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Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 172 141 
41953 1.2 13.5367 0.6 1.7453 1.2 0.1714 1.1 0.88 1019.9 10.0 1025.4 7.7 1037.1 11.4 1037.1 11.4 98.3 
Moecher EC17-1B 16Dec2017-Spot 133 652 
222220 106.6 13.5297 0.6 1.7929 0.9 0.1760 0.8 0.81 1045.1 7.4 1042.9 6.2 1038.1 11.1 1038.1 11.1 100.7 
Moecher EC17-1B 16Dec2017-Spot 241 474 
843502 4.3 13.5250 0.7 1.8581 1.2 0.1823 1.0 0.81 1079.8 9.8 1066.3 8.0 1038.9 14.5 1038.9 14.5 103.9 
Moecher EC17-1B 16Dec2017-Spot 295 250 
424571 5.2 13.5210 0.6 1.7821 1.1 0.1748 0.9 0.85 1038.7 9.0 1038.9 7.2 1039.4 12.0 1039.4 12.0 99.9 
Moecher EC17-1B 16Dec2017-Spot 143 1062 
1217084 4.9 13.5178 0.5 1.8483 1.1 0.1813 0.9 0.86 1074.0 9.1 1062.8 7.0 1039.9 11.0 1039.9 11.0 103.3 
Moecher EC17-1B 16Dec2017-Spot 45 95 
86372 4.0 13.5170 0.7 1.7213 1.2 0.1688 1.0 0.80 1005.6 9.0 1016.5 7.7 1040.0 14.5 1040.0 14.5 96.7 
Moecher EC17-1B 16Dec2017-Spot 1 487 
769838 17.4 13.5161 0.7 1.7515 1.7 0.1718 1.5 0.91 1021.8 14.6 1027.7 11.0 1040.2 14.5 1040.2 14.5 98.2 
Moecher EC17-1B 16Dec2017-Spot 111 174 
1061296 3.4 13.5143 0.7 1.8344 1.3 0.1799 1.1 0.82 1066.3 10.5 1057.9 8.5 1040.5 15.1 1040.5 15.1 102.5 
Moecher EC17-1B 16Dec2017-Spot 19 280 
378474 1.7 13.5128 0.7 1.8743 1.4 0.1838 1.2 0.87 1087.6 12.0 1072.1 9.2 1040.7 13.9 1040.7 13.9 104.5 
Moecher EC17-1B 16Dec2017-Spot 67 310 
98276 3.9 13.5057 0.6 1.7491 0.9 0.1714 0.7 0.74 1019.8 6.3 1026.8 5.8 1041.7 12.2 1041.7 12.2 97.9 
Moecher EC17-1B 16Dec2017-Spot 211 218 
98608 1.0 13.4927 0.6 1.7460 1.2 0.1709 1.0 0.86 1017.3 9.6 1025.7 7.7 1043.7 12.2 1043.7 12.2 97.5 
Moecher EC17-1B 16Dec2017-Spot 65 1147 
105205 5.8 13.4901 0.7 1.7931 1.1 0.1755 0.9 0.76 1042.4 8.2 1042.9 7.4 1044.1 14.9 1044.1 14.9 99.8 
Moecher EC17-1B 16Dec2017-Spot 104 838 
596464 3.9 13.4869 0.5 1.7810 1.3 0.1743 1.2 0.92 1035.7 11.5 1038.6 8.5 1044.6 10.1 1044.6 10.1 99.2 
Moecher EC17-1B 16Dec2017-Spot 180 719 
767002 5.0 13.4863 0.7 1.8062 1.1 0.1767 0.9 0.80 1049.2 8.7 1047.7 7.3 1044.7 13.7 1044.7 13.7 100.4 
Moecher EC17-1B 16Dec2017-Spot 93 134 
39097 2.1 13.4755 0.7 1.8069 1.7 0.1767 1.6 0.92 1048.8 15.4 1048.0 11.3 1046.3 13.5 1046.3 13.5 100.2 
Moecher EC17-1B 16Dec2017-Spot 85 283 
229812 4.1 13.4723 0.6 1.8514 0.9 0.1810 0.7 0.71 1072.3 6.5 1063.9 6.0 1046.8 13.0 1046.8 13.0 102.4 
Moecher EC17-1B 16Dec2017-Spot 121 59 
33024 1.0 13.4633 0.8 1.8057 1.4 0.1764 1.1 0.80 1047.2 10.7 1047.5 9.0 1048.1 16.6 1048.1 16.6 99.9 
Moecher EC17-1B 16Dec2017-Spot 214 477 
451277 3.4 13.4555 0.6 1.8156 1.2 0.1773 1.0 0.88 1052.0 10.1 1051.1 7.8 1049.3 11.5 1049.3 11.5 100.3 
Moecher EC17-1B 16Dec2017-Spot 132 528 
348002 4.2 13.4517 0.7 1.8489 1.1 0.1805 0.9 0.80 1069.5 9.0 1063.0 7.5 1049.9 13.6 1049.9 13.6 101.9 
Moecher EC17-1B 16Dec2017-Spot 208 155 
150764 3.0 13.4501 0.8 1.7507 1.4 0.1708 1.2 0.84 1016.8 11.2 1027.4 9.1 1050.1 15.4 1050.1 15.4 96.8 
Moecher EC17-1B 16Dec2017-Spot 27 55 
11239 2.1 13.4474 1.0 1.7366 1.5 0.1694 1.0 0.71 1009.1 9.8 1022.2 9.5 1050.5 20.9 1050.5 20.9 96.1 
Moecher EC17-1B 16Dec2017-Spot 117 217 
291781 1.8 13.4428 0.8 1.8152 1.3 0.1770 1.0 0.79 1050.8 9.7 1050.9 8.3 1051.2 15.8 1051.2 15.8 100.0 
Moecher EC17-1B 16Dec2017-Spot 272 677 
408121 3.3 13.4320 0.6 1.8416 1.2 0.1795 1.0 0.86 1064.2 9.7 1060.4 7.6 1052.8 12.0 1052.8 12.0 101.1 
  
  
9
3
 
 
 
 
  
Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 285 1945 
76624 44.5 13.4290 0.8 1.5213 1.3 0.1482 1.1 0.79 891.1 8.8 939.0 8.2 1053.3 16.8 1053.3 16.8 84.6 
Moecher EC17-1B 16Dec2017-Spot 26 135 
308395 1.4 13.4286 0.8 1.8691 1.5 0.1821 1.2 0.84 1078.5 12.2 1070.2 9.7 1053.3 15.9 1053.3 15.9 102.4 
Moecher EC17-1B 16Dec2017-Spot 136 122 
86079 1.9 13.4233 0.8 1.9190 1.4 0.1869 1.2 0.82 1104.6 11.8 1087.7 9.5 1054.1 16.3 1054.1 16.3 104.8 
Moecher EC17-1B 16Dec2017-Spot 88 173 
102633 1.5 13.4231 0.8 1.8247 2.0 0.1777 1.9 0.92 1054.5 18.0 1054.4 13.2 1054.1 16.2 1054.1 16.2 100.0 
Moecher EC17-1B 16Dec2017-Spot 243 59 
43012 2.7 13.4219 1.0 1.8181 1.3 0.1771 0.9 0.66 1050.9 8.5 1052.0 8.7 1054.3 20.2 1054.3 20.2 99.7 
Moecher EC17-1B 16Dec2017-Spot 83 81 
78115 2.4 13.4107 0.9 1.8029 1.1 0.1754 0.6 0.58 1042.0 6.2 1046.5 7.2 1056.0 18.0 1056.0 18.0 98.7 
Moecher EC17-1B 16Dec2017-Spot 169 207 
619779 3.4 13.4107 0.7 1.8322 1.2 0.1783 0.9 0.82 1057.6 9.2 1057.1 7.6 1056.0 13.5 1056.0 13.5 100.2 
Moecher EC17-1B 16Dec2017-Spot 215 285 
62642 2.0 13.4044 0.7 1.7828 1.2 0.1734 1.0 0.80 1030.8 9.1 1039.2 7.8 1057.0 14.6 1057.0 14.6 97.5 
Moecher EC17-1B 16Dec2017-Spot 77 425 
480773 2.1 13.3972 0.6 1.8511 1.2 0.1799 1.0 0.88 1066.6 10.2 1063.8 7.7 1058.0 11.2 1058.0 11.2 100.8 
Moecher EC17-1B 16Dec2017-Spot 59 547 
362997 5.0 13.3914 0.6 1.8206 1.1 0.1769 0.9 0.85 1050.0 8.8 1052.9 7.0 1058.9 11.2 1058.9 11.2 99.2 
Moecher EC17-1B 16Dec2017-Spot 38 515 
1698175 2.7 13.3885 0.8 1.8564 1.4 0.1803 1.1 0.83 1068.8 11.1 1065.7 9.0 1059.3 15.4 1059.3 15.4 100.9 
Moecher EC17-1B 16Dec2017-Spot 69 344 
95027 2.8 13.3854 0.7 1.7378 1.2 0.1688 1.0 0.83 1005.4 9.3 1022.7 7.8 1059.8 13.8 1059.8 13.8 94.9 
Moecher EC17-1B 16Dec2017-Spot 270 275 
108093 3.2 13.3804 0.6 1.8240 1.1 0.1771 0.9 0.82 1051.0 8.8 1054.1 7.3 1060.6 13.0 1060.6 13.0 99.1 
Moecher EC17-1B 16Dec2017-Spot 246 246 
257142 3.3 13.3789 0.7 1.9170 1.2 0.1861 0.9 0.81 1100.2 9.4 1087.0 7.7 1060.8 13.8 1060.8 13.8 103.7 
Moecher EC17-1B 16Dec2017-Spot 268 206 
108447 4.1 13.3768 0.9 1.7541 1.3 0.1703 0.9 0.72 1013.5 8.5 1028.7 8.1 1061.1 17.5 1061.1 17.5 95.5 
Moecher EC17-1B 16Dec2017-Spot 258 172 
226032 5.4 13.3765 0.7 1.8253 1.2 0.1772 1.0 0.83 1051.4 9.8 1054.6 8.0 1061.1 13.6 1061.1 13.6 99.1 
Moecher EC17-1B 16Dec2017-Spot 293 82 
109782 2.0 13.3619 0.8 1.8484 1.4 0.1792 1.1 0.78 1062.6 10.4 1062.9 8.9 1063.3 16.9 1063.3 16.9 99.9 
Moecher EC17-1B 16Dec2017-Spot 173 100 
98895 1.1 13.3614 0.9 1.7958 1.5 0.1741 1.2 0.78 1034.6 11.0 1043.9 9.6 1063.4 18.5 1063.4 18.5 97.3 
Moecher EC17-1B 16Dec2017-Spot 73 238 
11177856 0.9 13.3432 0.6 1.8166 1.2 0.1759 1.1 0.85 1044.4 10.2 1051.5 8.1 1066.2 13.1 1066.2 13.1 98.0 
Moecher EC17-1B 16Dec2017-Spot 198 134 
32518 2.1 13.3385 0.8 1.8953 1.3 0.1834 1.1 0.82 1085.7 10.9 1079.4 8.8 1066.9 15.3 1066.9 15.3 101.8 
Moecher EC17-1B 16Dec2017-Spot 51 92 
82592 1.1 13.3364 0.8 1.8066 1.5 0.1748 1.2 0.83 1038.6 11.7 1047.9 9.7 1067.2 16.7 1067.2 16.7 97.3 
Moecher EC17-1B 16Dec2017-Spot 21 277 
68794 2.7 13.3258 0.7 1.8224 1.2 0.1762 0.9 0.80 1046.2 9.0 1053.6 7.7 1068.8 14.3 1068.8 14.3 97.9 
Moecher EC17-1B 16Dec2017-Spot 68 64 
28519 1.3 13.3245 0.9 1.8736 1.3 0.1811 1.0 0.75 1073.2 9.7 1071.8 8.6 1069.0 17.3 1069.0 17.3 100.4 
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Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 147 893 
276555 2.3 13.3117 0.7 1.8690 1.2 0.1805 1.0 0.83 1069.8 9.6 1070.2 7.8 1070.9 13.4 1070.9 13.4 99.9 
Moecher EC17-1B 16Dec2017-Spot 103 187 
193302 1.9 13.3056 0.7 1.8115 1.4 0.1749 1.2 0.85 1039.0 11.3 1049.6 9.1 1071.8 14.8 1071.8 14.8 96.9 
Moecher EC17-1B 16Dec2017-Spot 2 28 
29638 1.2 13.3009 1.3 1.7098 1.7 0.1650 1.1 0.66 984.6 10.3 1012.2 11.0 1072.5 25.8 1072.5 25.8 91.8 
Moecher EC17-1B 16Dec2017-Spot 206 71 
27827 2.3 13.2973 0.8 1.8624 1.2 0.1797 0.8 0.70 1065.3 7.9 1067.9 7.6 1073.1 16.6 1073.1 16.6 99.3 
Moecher EC17-1B 16Dec2017-Spot 186 166 
401460 2.8 13.2947 0.8 1.7661 1.4 0.1704 1.1 0.79 1014.1 10.1 1033.1 8.8 1073.5 16.7 1073.5 16.7 94.5 
Moecher EC17-1B 16Dec2017-Spot 112 151 
79672 3.6 13.2828 0.8 1.8971 1.4 0.1828 1.2 0.84 1082.5 11.6 1080.1 9.2 1075.2 15.2 1075.2 15.2 100.7 
Moecher EC17-1B 16Dec2017-Spot 185 951 
1976227 5.2 13.2761 0.8 1.8792 1.2 0.1810 0.9 0.76 1072.6 8.7 1073.8 7.7 1076.2 15.1 1076.2 15.1 99.7 
Moecher EC17-1B 16Dec2017-Spot 137 289 
114084 3.5 13.2684 0.5 1.8664 1.1 0.1797 0.9 0.87 1065.2 9.3 1069.3 7.2 1077.4 11.0 1077.4 11.0 98.9 
Moecher EC17-1B 16Dec2017-Spot 277 120 
48271 2.0 13.2677 0.8 1.7398 1.1 0.1675 0.9 0.75 998.3 7.9 1023.4 7.4 1077.5 15.3 1077.5 15.3 92.6 
Moecher EC17-1B 16Dec2017-Spot 216 166 
95196 1.4 13.2589 0.8 1.8728 1.7 0.1802 1.5 0.86 1067.9 14.3 1071.5 11.1 1078.9 16.9 1078.9 16.9 99.0 
Moecher EC17-1B 16Dec2017-Spot 129 208 
37202 2.6 13.2582 0.7 1.8824 1.3 0.1811 1.1 0.84 1072.9 10.8 1074.9 8.5 1079.0 13.8 1079.0 13.8 99.4 
Moecher EC17-1B 16Dec2017-Spot 25 185 
62664 3.0 13.2451 0.9 1.8359 1.4 0.1764 1.0 0.77 1047.5 10.1 1058.4 9.0 1080.9 17.6 1080.9 17.6 96.9 
Moecher EC17-1B 16Dec2017-Spot 193 66 
48661 2.5 13.2343 0.7 1.7695 1.4 0.1699 1.1 0.84 1011.6 10.7 1034.3 8.9 1082.6 15.0 1082.6 15.0 93.4 
Moecher EC17-1B 16Dec2017-Spot 56 95 
191247 1.3 13.2337 0.8 1.8673 1.2 0.1793 0.9 0.78 1063.1 9.2 1069.6 8.0 1082.7 15.4 1082.7 15.4 98.2 
Moecher EC17-1B 16Dec2017-Spot 94 153 
123243 2.3 13.2332 0.7 1.8614 1.5 0.1787 1.4 0.88 1060.0 13.3 1067.5 10.2 1082.8 14.6 1082.8 14.6 97.9 
Moecher EC17-1B 16Dec2017-Spot 134 103 
33437 3.2 13.2255 0.7 1.8529 1.2 0.1778 1.0 0.82 1055.0 9.8 1064.5 8.1 1084.0 14.1 1084.0 14.1 97.3 
Moecher EC17-1B 16Dec2017-Spot 81 59 
64867 2.5 13.2147 0.8 1.7995 1.0 0.1725 0.7 0.68 1026.1 6.6 1045.3 6.7 1085.6 15.2 1085.6 15.2 94.5 
Moecher EC17-1B 16Dec2017-Spot 72 273 
150933 3.7 13.2144 0.6 1.9577 1.3 0.1877 1.1 0.87 1109.0 11.2 1101.1 8.5 1085.6 12.4 1085.6 12.4 102.1 
Moecher EC17-1B 16Dec2017-Spot 202 134 
42425 2.4 13.2015 0.8 1.7973 1.2 0.1722 0.9 0.73 1024.0 8.5 1044.5 8.0 1087.6 16.9 1087.6 16.9 94.2 
Moecher EC17-1B 16Dec2017-Spot 36 77 
52611 1.3 13.1720 0.9 1.8861 1.6 0.1803 1.4 0.84 1068.4 13.6 1076.2 10.9 1092.1 18.0 1092.1 18.0 97.8 
Moecher EC17-1B 16Dec2017-Spot 160 278 
437315 3.3 13.1697 0.7 1.8743 1.3 0.1791 1.1 0.82 1062.1 10.4 1072.0 8.6 1092.4 14.7 1092.4 14.7 97.2 
Moecher EC17-1B 16Dec2017-Spot 124 60 
372586 4.2 13.1610 1.0 1.8886 1.6 0.1804 1.3 0.80 1068.9 12.7 1077.1 10.8 1093.7 19.7 1093.7 19.7 97.7 
Moecher EC17-1B 16Dec2017-Spot 120 62 
41915 3.0 13.1600 1.0 1.8247 1.3 0.1742 0.9 0.66 1035.4 8.4 1054.4 8.6 1093.9 19.7 1093.9 19.7 94.7 
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Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 230 252 
188302 6.1 13.1525 0.6 1.9583 1.2 0.1869 1.0 0.84 1104.5 10.2 1101.3 8.0 1095.0 12.7 1095.0 12.7 100.9 
Moecher EC17-1B 16Dec2017-Spot 145 353 
839925 5.1 13.1487 0.6 1.8827 1.2 0.1796 1.0 0.84 1064.9 10.0 1075.0 8.0 1095.6 12.9 1095.6 12.9 97.2 
Moecher EC17-1B 16Dec2017-Spot 297 48 
85714 2.5 13.1316 1.0 1.8576 1.4 0.1770 0.9 0.70 1050.6 9.1 1066.1 8.9 1098.2 19.4 1098.2 19.4 95.7 
Moecher EC17-1B 16Dec2017-Spot 225 81 
87758 1.9 13.1260 0.7 1.9095 1.3 0.1819 1.2 0.87 1077.1 11.4 1084.4 8.9 1099.0 13.3 1099.0 13.3 98.0 
Moecher EC17-1B 16Dec2017-Spot 84 945 
90065 10.4 13.1083 0.6 1.9973 1.2 0.1900 1.1 0.88 1121.2 11.1 1114.6 8.4 1101.7 11.9 1101.7 11.9 101.8 
Moecher EC17-1B 16Dec2017-Spot 271 118 
327228 2.6 13.1076 0.9 1.9011 1.5 0.1808 1.2 0.79 1071.4 11.7 1081.5 10.0 1101.9 18.4 1101.9 18.4 97.2 
Moecher EC17-1B 16Dec2017-Spot 224 146 
31678 2.6 13.0979 0.8 1.9050 1.1 0.1810 0.8 0.71 1072.7 7.5 1082.8 7.1 1103.3 15.2 1103.3 15.2 97.2 
Moecher EC17-1B 16Dec2017-Spot 118 100 
126216 2.9 13.0796 0.8 1.8392 1.1 0.1745 0.8 0.71 1037.1 7.7 1059.6 7.5 1106.1 16.0 1106.1 16.0 93.8 
Moecher EC17-1B 16Dec2017-Spot 200 424 
182878 4.4 13.0559 0.7 1.9444 1.2 0.1842 1.0 0.82 1089.9 10.2 1096.5 8.3 1109.8 14.2 1109.8 14.2 98.2 
Moecher EC17-1B 16Dec2017-Spot 16 483 
229431 5.2 13.0520 0.6 1.9808 1.2 0.1876 1.0 0.86 1108.3 10.4 1109.0 8.0 1110.3 12.0 1110.3 12.0 99.8 
Moecher EC17-1B 16Dec2017-Spot 201 447 
291379 3.6 13.0417 0.7 1.9224 1.3 0.1819 1.1 0.86 1077.4 10.9 1088.9 8.6 1111.9 13.2 1111.9 13.2 96.9 
Moecher EC17-1B 16Dec2017-Spot 191 57 
25713 3.5 13.0392 0.9 1.8027 1.3 0.1706 1.0 0.76 1015.1 9.5 1046.4 8.8 1112.3 17.4 1112.3 17.4 91.3 
Moecher EC17-1B 16Dec2017-Spot 187 281 
115519 3.2 13.0353 0.6 1.9402 1.1 0.1835 0.9 0.86 1086.1 9.1 1095.1 7.1 1112.9 11.0 1112.9 11.0 97.6 
Moecher EC17-1B 16Dec2017-Spot 154 595 
501635 3.4 13.0293 0.8 1.9561 1.2 0.1849 0.9 0.73 1093.8 9.0 1100.5 8.2 1113.9 16.8 1113.9 16.8 98.2 
Moecher EC17-1B 16Dec2017-Spot 12 344 
29738 1.3 13.0262 0.9 1.7941 1.6 0.1696 1.4 0.83 1009.7 12.7 1043.3 10.7 1114.3 18.3 1114.3 18.3 90.6 
Moecher EC17-1B 16Dec2017-Spot 50 738 
135179 6.9 13.0260 0.5 1.8777 1.1 0.1775 1.0 0.87 1053.1 9.2 1073.2 7.2 1114.4 10.6 1114.4 10.6 94.5 
Moecher EC17-1B 16Dec2017-Spot 142 49 
43614 3.9 13.0209 1.0 1.6766 1.3 0.1584 0.8 0.61 947.9 7.2 999.7 8.4 1115.1 20.9 1115.1 20.9 85.0 
Moecher EC17-1B 16Dec2017-Spot 284 56 
16273 1.8 12.9970 0.9 1.9209 1.3 0.1812 0.9 0.70 1073.3 8.7 1088.4 8.4 1118.8 17.8 1118.8 17.8 95.9 
Moecher EC17-1B 16Dec2017-Spot 256 201 
66209 1.1 12.9907 0.7 1.8165 1.3 0.1712 1.1 0.83 1018.8 10.3 1051.4 8.6 1119.7 14.5 1119.7 14.5 91.0 
Moecher EC17-1B 16Dec2017-Spot 262 320 
231823 3.9 12.9811 0.7 2.0012 1.3 0.1885 1.1 0.86 1113.2 11.6 1115.9 8.9 1121.2 13.2 1121.2 13.2 99.3 
Moecher EC17-1B 16Dec2017-Spot 141 507 
302966 4.9 12.9773 0.6 2.0404 0.9 0.1921 0.7 0.77 1132.9 7.6 1129.1 6.4 1121.8 12.0 1121.8 12.0 101.0 
Moecher EC17-1B 16Dec2017-Spot 238 101 
140129 2.3 12.9656 0.6 1.9393 1.1 0.1824 0.9 0.80 1080.3 8.7 1094.8 7.2 1123.6 12.8 1123.6 12.8 96.1 
Moecher EC17-1B 16Dec2017-Spot 110 831 
158474 2.0 12.9637 0.6 1.9218 1.2 0.1808 1.1 0.88 1071.2 10.5 1088.7 8.1 1123.9 11.4 1123.9 11.4 95.3 
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  Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 90 297 
102406 2.6 12.9612 0.7 2.0415 1.2 0.1920 1.0 0.84 1132.1 10.6 1129.5 8.3 1124.3 13.0 1124.3 13.0 100.7 
Moecher EC17-1B 16Dec2017-Spot 192 117 
116749 3.3 12.9372 0.7 1.9750 1.2 0.1854 0.9 0.77 1096.4 8.9 1107.0 7.8 1128.0 14.7 1128.0 14.7 97.2 
Moecher EC17-1B 16Dec2017-Spot 292 527 
185952 3.1 12.8991 0.6 2.0688 1.1 0.1936 0.9 0.83 1141.0 9.8 1138.6 7.7 1133.9 12.3 1133.9 12.3 100.6 
Moecher EC17-1B 16Dec2017-Spot 140 558 
1513585 1.5 12.8880 0.6 1.7855 1.8 0.1670 1.7 0.93 995.4 15.8 1040.2 11.9 1135.6 12.9 1135.6 12.9 87.7 
Moecher EC17-1B 16Dec2017-Spot 220 39 
76057 1.7 12.8774 0.9 2.0672 1.4 0.1932 1.1 0.80 1138.4 12.0 1138.0 9.8 1137.2 17.1 1137.2 17.1 100.1 
Moecher EC17-1B 16Dec2017-Spot 13 62 
17269 2.7 12.8685 1.1 2.0635 1.6 0.1927 1.2 0.73 1135.8 12.2 1136.8 11.0 1138.6 21.9 1138.6 21.9 99.8 
Moecher EC17-1B 16Dec2017-Spot 6 798 
258619 2.5 12.8650 0.6 2.1436 1.1 0.2001 0.9 0.81 1175.9 9.2 1163.0 7.3 1139.1 12.3 1139.1 12.3 103.2 
Moecher EC17-1B 16Dec2017-Spot 257 566 
166795 1.7 12.8640 0.7 2.0347 1.0 0.1899 0.8 0.76 1120.9 8.2 1127.2 7.1 1139.3 13.4 1139.3 13.4 98.4 
Moecher EC17-1B 16Dec2017-Spot 42 387 
46264 6.2 12.8482 0.9 1.9466 1.4 0.1815 1.1 0.78 1075.0 10.8 1097.3 9.3 1141.7 17.1 1141.7 17.1 94.2 
Moecher EC17-1B 16Dec2017-Spot 144 75 
59313 1.8 12.8294 0.9 2.1506 1.5 0.2002 1.1 0.77 1176.4 12.0 1165.3 10.1 1144.6 18.5 1144.6 18.5 102.8 
Moecher EC17-1B 16Dec2017-Spot 46 171 
30779 1.7 12.8246 0.7 1.9055 1.4 0.1773 1.2 0.86 1052.3 11.8 1083.0 9.4 1145.4 14.1 1145.4 14.1 91.9 
Moecher EC17-1B 16Dec2017-Spot 107 127 
114575 2.0 12.7965 0.9 2.1319 1.4 0.1979 1.0 0.74 1164.3 10.7 1159.2 9.4 1149.7 18.4 1149.7 18.4 101.3 
Moecher EC17-1B 16Dec2017-Spot 54 610 
184570 4.3 12.7917 0.6 2.1252 1.1 0.1972 0.8 0.79 1160.5 8.8 1157.0 7.3 1150.5 12.9 1150.5 12.9 100.9 
Moecher EC17-1B 16Dec2017-Spot 296 121 
126933 3.0 12.7914 0.8 2.1449 1.2 0.1991 0.9 0.77 1170.4 10.1 1163.4 8.5 1150.5 15.6 1150.5 15.6 101.7 
Moecher EC17-1B 16Dec2017-Spot 298 100 
34886 3.6 12.7785 0.7 2.1345 1.2 0.1979 1.0 0.82 1164.1 10.1 1160.0 8.0 1152.5 13.0 1152.5 13.0 101.0 
Moecher EC17-1B 16Dec2017-Spot 259 1263 
437723 2.7 12.7784 0.6 2.1286 1.1 0.1974 0.9 0.83 1161.1 9.5 1158.1 7.5 1152.5 12.2 1152.5 12.2 100.7 
Moecher EC17-1B 16Dec2017-Spot 248 236 
25626 1.6 12.7777 1.3 1.8850 1.7 0.1748 1.0 0.62 1038.3 9.8 1075.8 11.0 1152.6 26.0 1152.6 26.0 90.1 
Moecher EC17-1B 16Dec2017-Spot 24 420 
132760 1.5 12.7773 0.8 2.0408 1.5 0.1892 1.2 0.83 1117.1 12.4 1129.2 9.9 1152.7 16.0 1152.7 16.0 96.9 
Moecher EC17-1B 16Dec2017-Spot 213 215 
2140808 6.0 12.7684 0.8 2.0760 1.4 0.1923 1.1 0.82 1134.0 11.6 1140.9 9.3 1154.1 15.3 1154.1 15.3 98.3 
Moecher EC17-1B 16Dec2017-Spot 306 299 
1564833 2.4 12.7666 0.6 2.0740 1.4 0.1921 1.2 0.88 1132.9 12.5 1140.3 9.4 1154.4 12.8 1154.4 12.8 98.1 
Moecher EC17-1B 16Dec2017-Spot 151 105 
4314947 1.7 12.7460 0.7 2.1121 1.1 0.1953 0.9 0.77 1150.2 9.2 1152.8 7.8 1157.6 14.3 1157.6 14.3 99.4 
Moecher EC17-1B 16Dec2017-Spot 11 1007 
186288 3.0 12.7272 0.6 2.1312 1.1 0.1968 0.8 0.80 1158.1 9.0 1159.0 7.4 1160.5 12.8 1160.5 12.8 99.8 
Moecher EC17-1B 16Dec2017-Spot 106 266 
134310 2.0 12.7214 0.8 2.1334 1.6 0.1969 1.4 0.86 1158.7 14.4 1159.7 10.9 1161.4 15.9 1161.4 15.9 99.8 
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Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 99 182 
43715 2.5 12.7186 0.7 2.0546 1.3 0.1896 1.1 0.82 1119.3 10.9 1133.8 8.9 1161.8 14.9 1161.8 14.9 96.3 
Moecher EC17-1B 16Dec2017-Spot 182 135 
3056927 2.7 12.7178 0.8 2.1275 1.6 0.1963 1.3 0.84 1155.6 14.0 1157.8 10.8 1161.9 16.8 1161.9 16.8 99.4 
Moecher EC17-1B 16Dec2017-Spot 86 1313 
2372592 78.2 12.7163 0.7 2.1613 1.0 0.1994 0.8 0.75 1172.2 8.2 1168.7 7.1 1162.2 13.2 1162.2 13.2 100.9 
Moecher EC17-1B 16Dec2017-Spot 255 397 
200009 2.3 12.7153 0.6 2.1067 1.3 0.1944 1.2 0.88 1145.0 12.1 1151.0 9.1 1162.3 12.6 1162.3 12.6 98.5 
Moecher EC17-1B 16Dec2017-Spot 64 276 
585698 1.4 12.7044 0.6 2.1091 1.1 0.1944 0.9 0.84 1145.3 9.6 1151.8 7.5 1164.0 11.8 1164.0 11.8 98.4 
Moecher EC17-1B 16Dec2017-Spot 96 453 
366850 1.9 12.6995 0.6 2.0660 1.3 0.1904 1.1 0.87 1123.4 11.4 1137.6 8.7 1164.8 12.5 1164.8 12.5 96.4 
Moecher EC17-1B 16Dec2017-Spot 205 147 
92420 1.6 12.6973 0.8 2.1237 1.3 0.1957 1.1 0.81 1152.0 11.5 1156.5 9.3 1165.1 15.5 1165.1 15.5 98.9 
Moecher EC17-1B 16Dec2017-Spot 287 311 
168627 3.1 12.6935 0.7 2.1439 1.2 0.1975 1.0 0.83 1161.6 10.9 1163.1 8.5 1165.7 13.6 1165.7 13.6 99.6 
Moecher EC17-1B 16Dec2017-Spot 128 130 
217539 2.3 12.6828 0.6 2.0937 1.1 0.1927 1.0 0.84 1135.9 10.0 1146.8 7.9 1167.4 12.4 1167.4 12.4 97.3 
Moecher EC17-1B 16Dec2017-Spot 3 163 
79496 2.3 12.6795 0.5 2.2335 1.2 0.2055 1.1 0.90 1204.7 12.1 1191.6 8.6 1167.9 10.8 1167.9 10.8 103.1 
Moecher EC17-1B 16Dec2017-Spot 175 501 
257774 3.4 12.6752 0.5 2.0515 0.9 0.1887 0.8 0.83 1114.2 8.0 1132.8 6.5 1168.6 10.5 1168.6 10.5 95.3 
Moecher EC17-1B 16Dec2017-Spot 58 309 
239931 2.3 12.6749 0.7 2.0877 1.2 0.1920 0.9 0.81 1132.2 9.8 1144.8 8.0 1168.7 13.5 1168.7 13.5 96.9 
Moecher EC17-1B 16Dec2017-Spot 60 428 
307670 5.8 12.6733 0.7 2.1430 1.1 0.1971 0.8 0.76 1159.5 8.9 1162.8 7.6 1168.9 14.2 1168.9 14.2 99.2 
Moecher EC17-1B 16Dec2017-Spot 80 581 
702143 0.9 12.6702 0.5 2.2031 1.1 0.2025 1.0 0.88 1188.9 10.3 1182.0 7.6 1169.4 10.4 1169.4 10.4 101.7 
Moecher EC17-1B 16Dec2017-Spot 294 553 
170672 2.4 12.6699 0.6 2.1705 1.2 0.1995 1.0 0.88 1172.8 11.1 1171.7 8.1 1169.5 11.0 1169.5 11.0 100.3 
Moecher EC17-1B 16Dec2017-Spot 196 501 
43973 4.2 12.6663 0.7 1.8945 2.0 0.1741 1.9 0.94 1034.7 18.2 1079.2 13.5 1170.0 14.1 1170.0 14.1 88.4 
Moecher EC17-1B 16Dec2017-Spot 114 172 
801072 3.1 12.6532 0.6 2.2352 1.0 0.2052 0.8 0.80 1203.3 8.4 1192.2 6.7 1172.1 11.3 1172.1 11.3 102.7 
Moecher EC17-1B 16Dec2017-Spot 291 223 
112238 3.4 12.6527 0.6 2.1365 1.1 0.1961 1.0 0.86 1154.6 10.2 1160.7 7.8 1172.2 11.5 1172.2 11.5 98.5 
Moecher EC17-1B 16Dec2017-Spot 310 433 
567294 6.9 12.6523 0.6 2.1899 1.3 0.2010 1.2 0.88 1180.9 12.6 1177.8 9.2 1172.2 12.3 1172.2 12.3 100.7 
Moecher EC17-1B 16Dec2017-Spot 127 113 
49118 1.3 12.6491 0.6 2.1690 1.1 0.1991 1.0 0.84 1170.3 10.3 1171.2 8.0 1172.7 12.4 1172.7 12.4 99.8 
Moecher EC17-1B 16Dec2017-Spot 139 124 
47720 2.0 12.6414 0.7 2.1644 1.2 0.1985 0.9 0.80 1167.4 10.1 1169.7 8.2 1173.9 13.9 1173.9 13.9 99.4 
Moecher EC17-1B 16Dec2017-Spot 176 80 
32561 2.7 12.6336 0.9 2.1087 1.4 0.1933 1.1 0.79 1139.2 11.6 1151.6 9.7 1175.1 17.3 1175.1 17.3 96.9 
Moecher EC17-1B 16Dec2017-Spot 15 128 
96799 3.4 12.6285 0.6 2.2514 1.3 0.2063 1.2 0.89 1209.1 13.3 1197.2 9.5 1176.0 12.0 1176.0 12.0 102.8 
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Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 281 100 
98969 1.2 12.6273 0.8 2.1260 1.1 0.1948 0.8 0.74 1147.3 8.7 1157.3 7.8 1176.1 15.0 1176.1 15.0 97.5 
Moecher EC17-1B 16Dec2017-Spot 91 99 
466721 1.8 12.6120 0.8 2.0953 1.1 0.1917 0.8 0.73 1130.8 8.4 1147.3 7.6 1178.5 15.0 1178.5 15.0 96.0 
Moecher EC17-1B 16Dec2017-Spot 247 675 
487238 3.0 12.5959 0.7 2.1673 1.1 0.1981 0.9 0.79 1165.0 9.4 1170.6 7.7 1181.1 13.5 1181.1 13.5 98.6 
Moecher EC17-1B 16Dec2017-Spot 171 257 
491860 2.6 12.5919 0.5 2.1239 0.9 0.1941 0.8 0.82 1143.3 7.9 1156.6 6.3 1181.7 10.4 1181.7 10.4 96.8 
Moecher EC17-1B 16Dec2017-Spot 5 266 
205969 1.6 12.5759 0.7 2.2041 1.5 0.2011 1.3 0.87 1181.3 14.1 1182.3 10.4 1184.2 14.3 1184.2 14.3 99.8 
Moecher EC17-1B 16Dec2017-Spot 35 189 
161492 3.7 12.5723 0.7 2.1685 1.3 0.1978 1.0 0.83 1163.6 11.2 1171.0 8.8 1184.8 14.0 1184.8 14.0 98.2 
Moecher EC17-1B 16Dec2017-Spot 47 443 
874200 1.7 12.5672 0.7 2.2441 1.4 0.2046 1.2 0.86 1200.1 13.1 1194.9 9.8 1185.6 14.0 1185.6 14.0 101.2 
Moecher EC17-1B 16Dec2017-Spot 189 257 
186596 2.0 12.5664 0.7 2.1060 1.2 0.1920 1.0 0.84 1132.3 10.9 1150.8 8.6 1185.7 13.2 1185.7 13.2 95.5 
Moecher EC17-1B 16Dec2017-Spot 278 208 
1943152 2.1 12.5423 0.7 2.1186 1.1 0.1928 0.8 0.77 1136.5 8.8 1154.9 7.6 1189.5 13.8 1189.5 13.8 95.6 
Moecher EC17-1B 16Dec2017-Spot 305 187 
895566 2.3 12.5408 0.6 2.1890 2.2 0.1992 2.1 0.96 1171.0 22.2 1177.6 15.1 1189.7 12.3 1189.7 12.3 98.4 
Moecher EC17-1B 16Dec2017-Spot 236 736 
117091 2.9 12.5211 0.8 2.0675 1.4 0.1878 1.2 0.83 1109.6 12.1 1138.1 9.7 1192.8 15.5 1192.8 15.5 93.0 
Moecher EC17-1B 16Dec2017-Spot 210 92 
42050 2.7 12.5138 0.9 2.2099 1.6 0.2007 1.3 0.82 1178.8 13.8 1184.2 10.9 1193.9 17.6 1193.9 17.6 98.7 
Moecher EC17-1B 16Dec2017-Spot 166 471 
55780531 3.4 12.5038 0.5 2.2276 1.2 0.2021 1.0 0.89 1186.6 11.1 1189.8 8.1 1195.5 10.5 1195.5 10.5 99.3 
Moecher EC17-1B 16Dec2017-Spot 226 91 
28098 3.0 12.4999 1.3 1.8237 1.6 0.1654 1.1 0.64 986.7 9.6 1054.0 10.8 1196.1 25.0 1196.1 25.0 82.5 
Moecher EC17-1B 16Dec2017-Spot 290 696 
248349 1.9 12.4990 0.5 2.1638 1.2 0.1962 1.1 0.91 1155.1 11.2 1169.5 8.1 1196.3 9.6 1196.3 9.6 96.6 
Moecher EC17-1B 16Dec2017-Spot 239 430 
4643983 9.1 12.4802 0.6 2.1898 1.2 0.1983 1.0 0.87 1166.2 10.9 1177.8 8.3 1199.3 11.7 1199.3 11.7 97.2 
Moecher EC17-1B 16Dec2017-Spot 274 141 
128231 2.6 12.4709 0.7 2.1712 1.2 0.1965 0.9 0.78 1156.3 9.9 1171.9 8.3 1200.7 14.6 1200.7 14.6 96.3 
Moecher EC17-1B 16Dec2017-Spot 315 89 
1372327 1.8 12.4540 0.9 2.2272 1.4 0.2013 1.1 0.76 1182.1 11.5 1189.6 9.8 1203.4 18.0 1203.4 18.0 98.2 
Moecher EC17-1B 16Dec2017-Spot 159 293 
146201 2.0 12.4417 0.6 2.3120 1.3 0.2087 1.2 0.90 1222.0 13.0 1216.0 9.2 1205.4 11.0 1205.4 11.0 101.4 
Moecher EC17-1B 16Dec2017-Spot 163 19 
44917 1.9 12.4377 1.4 2.2005 1.7 0.1986 1.0 0.60 1167.7 10.9 1181.2 11.8 1206.0 26.7 1206.0 26.7 96.8 
Moecher EC17-1B 16Dec2017-Spot 244 1060 
55784 4.0 12.4048 0.5 2.1307 1.2 0.1918 1.1 0.91 1131.0 11.2 1158.8 8.2 1211.2 9.9 1211.2 9.9 93.4 
Moecher EC17-1B 16Dec2017-Spot 184 937 
24732 17.4 12.3830 0.8 2.0268 1.3 0.1821 1.1 0.82 1078.5 10.8 1124.5 9.0 1214.6 15.1 1214.6 15.1 88.8 
Moecher EC17-1B 16Dec2017-Spot 234 195 
79483 1.7 12.3579 0.6 2.3019 1.3 0.2064 1.2 0.89 1209.6 13.0 1212.9 9.4 1218.6 12.0 1218.6 12.0 99.3 
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Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope ratios 
       
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 219 96 
63638 2.1 12.3078 0.6 2.3547 1.4 0.2103 1.3 0.92 1230.3 14.3 1229.0 9.9 1226.6 10.9 1226.6 10.9 100.3 
Moecher EC17-1B 16Dec2017-Spot 92 33 
12964 0.5 12.3006 1.3 2.0299 1.9 0.1812 1.4 0.71 1073.4 13.5 1125.6 13.0 1227.8 26.5 1227.8 26.5 87.4 
Moecher EC17-1B 16Dec2017-Spot 218 110 
193227 2.4 12.3001 0.8 2.3142 1.4 0.2065 1.1 0.81 1210.3 12.5 1216.7 9.9 1227.9 16.0 1227.9 16.0 98.6 
Moecher EC17-1B 16Dec2017-Spot 188 172 
593491 1.7 12.2872 0.6 2.3177 1.1 0.2066 1.0 0.86 1210.8 10.8 1217.7 8.0 1229.9 11.1 1229.9 11.1 98.4 
Moecher EC17-1B 16Dec2017-Spot 18 126 
24368 3.2 12.2784 0.8 2.2274 1.3 0.1984 0.9 0.75 1166.9 10.1 1189.7 8.9 1231.3 16.4 1231.3 16.4 94.8 
Moecher EC17-1B 16Dec2017-Spot 34 66 
57606 5.1 12.2546 0.9 2.3529 1.5 0.2092 1.3 0.83 1224.6 14.2 1228.4 11.0 1235.2 17.0 1235.2 17.0 99.1 
Moecher EC17-1B 16Dec2017-Spot 37 185 
74095 2.8 12.2507 0.7 2.3360 1.2 0.2076 1.1 0.85 1216.2 11.7 1223.3 8.8 1235.8 12.9 1235.8 12.9 98.4 
Moecher EC17-1B 16Dec2017-Spot 122 23 
20688 3.1 12.2277 1.1 1.8812 1.6 0.1669 1.2 0.75 995.0 11.0 1074.5 10.6 1239.4 20.8 1239.4 20.8 80.3 
Moecher EC17-1B 16Dec2017-Spot 302 196 
88362 3.7 12.2159 0.7 2.3612 1.1 0.2093 0.9 0.81 1225.1 9.9 1231.0 7.9 1241.3 12.8 1241.3 12.8 98.7 
Moecher EC17-1B 16Dec2017-Spot 76 154 
42433 3.1 12.2070 0.6 2.3163 1.2 0.2052 1.0 0.84 1203.0 10.7 1217.3 8.2 1242.7 12.3 1242.7 12.3 96.8 
Moecher EC17-1B 16Dec2017-Spot 267 349 
272577 2.1 12.1980 0.7 2.4158 1.2 0.2138 1.0 0.81 1249.1 11.3 1247.3 8.8 1244.2 13.9 1244.2 13.9 100.4 
Moecher EC17-1B 16Dec2017-Spot 179 251 
241052 1.4 12.1830 0.5 2.3132 1.2 0.2045 1.0 0.90 1199.3 11.5 1216.3 8.3 1246.6 10.0 1246.6 10.0 96.2 
Moecher EC17-1B 16Dec2017-Spot 7 384 
120647 3.5 12.1548 0.7 2.4199 1.4 0.2134 1.2 0.87 1247.0 13.6 1248.5 9.9 1251.1 13.0 1251.1 13.0 99.7 
Moecher EC17-1B 16Dec2017-Spot 78 347 
176520 2.0 12.1271 0.5 2.4730 1.0 0.2176 0.9 0.88 1269.2 10.5 1264.2 7.5 1255.6 9.6 1255.6 9.6 101.1 
Moecher EC17-1B 16Dec2017-Spot 283 762 
178808 3.3 12.1137 0.5 2.4639 1.0 0.2166 0.8 0.84 1263.7 9.7 1261.5 7.2 1257.8 10.5 1257.8 10.5 100.5 
Moecher EC17-1B 16Dec2017-Spot 276 604 
160383 3.3 12.1006 0.7 2.4189 1.6 0.2124 1.4 0.90 1241.5 15.9 1248.2 11.2 1259.9 13.1 1259.9 13.1 98.5 
Moecher EC17-1B 16Dec2017-Spot 275 269 
105891 2.2 12.0710 0.5 2.3935 1.1 0.2096 1.0 0.88 1226.9 10.9 1240.6 7.9 1264.7 10.1 1264.7 10.1 97.0 
Moecher EC17-1B 16Dec2017-Spot 212 205 
266621 1.8 12.0458 0.8 2.3240 1.4 0.2031 1.2 0.85 1192.1 13.2 1219.6 10.1 1268.8 14.8 1268.8 14.8 94.0 
Moecher EC17-1B 16Dec2017-Spot 300 136 
330240 3.0 12.0301 0.7 2.4261 1.0 0.2118 0.7 0.69 1238.2 8.0 1250.4 7.3 1271.3 14.3 1271.3 14.3 97.4 
Moecher EC17-1B 16Dec2017-Spot 125 485 
68449 2.2 12.0147 0.6 2.3060 1.3 0.2010 1.2 0.89 1180.8 12.9 1214.1 9.5 1273.8 12.1 1273.8 12.1 92.7 
Moecher EC17-1B 16Dec2017-Spot 109 248 
117949 2.3 12.0082 0.7 2.5535 1.3 0.2225 1.1 0.85 1295.0 12.8 1287.4 9.3 1274.8 13.0 1274.8 13.0 101.6 
Moecher EC17-1B 16Dec2017-Spot 9 139 
97508 1.5 11.8924 0.8 2.5678 1.3 0.2216 1.0 0.78 1290.2 11.7 1291.5 9.3 1293.7 15.6 1293.7 15.6 99.7 
Moecher EC17-1B 16Dec2017-Spot 74 190 
194237 1.2 11.8735 0.6 2.4171 1.3 0.2082 1.1 0.88 1219.4 12.6 1247.7 9.3 1296.8 12.2 1296.8 12.2 94.0 
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Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 266 605 
1431623 1.7 11.8512 0.6 2.6717 1.2 0.2297 1.0 0.87 1333.1 12.1 1320.7 8.5 1300.5 11.1 1300.5 11.1 102.5 
Moecher EC17-1B 16Dec2017-Spot 130 737 
83284 2.9 11.8259 0.7 2.5810 1.4 0.2215 1.1 0.84 1289.6 13.3 1295.3 9.9 1304.6 14.2 1304.6 14.2 98.9 
Moecher EC17-1B 16Dec2017-Spot 155 73 
285231 2.9 11.8233 0.8 2.5997 1.2 0.2230 1.0 0.78 1297.8 11.3 1300.5 9.0 1305.0 15.0 1305.0 15.0 99.4 
Moecher EC17-1B 16Dec2017-Spot 105 443 
172256 2.2 11.8103 0.7 2.6169 1.1 0.2242 0.9 0.81 1304.3 10.6 1305.4 8.2 1307.2 12.8 1307.2 12.8 99.8 
Moecher EC17-1B 16Dec2017-Spot 165 152 
108668 1.9 11.8055 0.5 2.6239 0.9 0.2248 0.7 0.80 1307.0 8.3 1307.4 6.4 1308.0 10.1 1308.0 10.1 99.9 
Moecher EC17-1B 16Dec2017-Spot 75 243 
109245 2.3 11.7851 0.7 2.5490 1.2 0.2180 1.0 0.84 1271.1 11.8 1286.1 8.8 1311.3 12.7 1311.3 12.7 96.9 
Moecher EC17-1B 16Dec2017-Spot 280 266 
93882 2.0 11.7630 0.9 2.5694 1.4 0.2193 1.1 0.80 1278.2 13.2 1292.0 10.4 1315.0 16.6 1315.0 16.6 97.2 
Moecher EC17-1B 16Dec2017-Spot 304 50 
114252 1.1 11.7476 0.8 2.7497 1.3 0.2344 1.0 0.81 1357.4 12.6 1342.0 9.5 1317.5 14.7 1317.5 14.7 103.0 
Moecher EC17-1B 16Dec2017-Spot 115 297 
1165280 1.5 11.7273 0.5 2.5625 1.1 0.2181 0.9 0.88 1271.6 10.8 1290.0 7.8 1320.9 9.9 1320.9 9.9 96.3 
Moecher EC17-1B 16Dec2017-Spot 228 324 
107477 2.6 11.6636 0.6 2.6284 1.4 0.2224 1.2 0.89 1294.8 14.4 1308.6 10.2 1331.4 12.1 1331.4 12.1 97.2 
Moecher EC17-1B 16Dec2017-Spot 40 238 
645893 3.1 11.6320 0.7 2.7007 1.4 0.2279 1.2 0.87 1323.7 14.6 1328.6 10.4 1336.6 13.6 1336.6 13.6 99.0 
Moecher EC17-1B 16Dec2017-Spot 158 285 
111891 2.9 11.5718 0.7 2.6504 1.5 0.2225 1.3 0.87 1295.3 14.8 1314.8 10.8 1346.7 14.1 1346.7 14.1 96.2 
Moecher EC17-1B 16Dec2017-Spot 301 401 
99855 2.8 11.5385 0.8 2.6044 1.2 0.2180 1.0 0.77 1271.5 11.0 1301.9 9.1 1352.2 15.3 1352.2 15.3 94.0 
Moecher EC17-1B 16Dec2017-Spot 269 142 
106051 1.5 11.5272 0.7 2.6083 1.1 0.2182 0.9 0.79 1272.1 10.1 1303.0 8.2 1354.1 13.3 1354.1 13.3 93.9 
Moecher EC17-1B 16Dec2017-Spot 203 171 
165978 3.0 11.5125 1.0 2.7598 1.8 0.2305 1.5 0.83 1337.3 17.9 1344.7 13.2 1356.6 18.8 1356.6 18.8 98.6 
Moecher EC17-1B 16Dec2017-Spot 123 135 
423445 3.3 11.4765 0.7 2.8268 1.5 0.2354 1.3 0.88 1362.7 15.8 1362.7 10.9 1362.6 13.1 1362.6 13.1 100.0 
Moecher EC17-1B 16Dec2017-Spot 62 243 
270272 1.8 11.4287 0.8 2.5917 1.5 0.2149 1.3 0.84 1254.9 14.8 1298.3 11.3 1370.7 16.0 1370.7 16.0 91.6 
Moecher EC17-1B 16Dec2017-Spot 95 60 
56043 2.7 11.3664 0.9 2.7878 1.4 0.2299 1.0 0.74 1334.1 12.0 1352.3 10.1 1381.2 17.5 1381.2 17.5 96.6 
Moecher EC17-1B 16Dec2017-Spot 194 100 
225498 1.4 11.2883 0.7 2.8303 1.2 0.2318 0.9 0.81 1344.0 11.4 1363.6 8.7 1394.4 13.2 1394.4 13.2 96.4 
Moecher EC17-1B 16Dec2017-Spot 181 299 
554900 2.5 11.0944 0.6 3.1313 1.2 0.2521 1.0 0.85 1449.1 13.2 1440.4 9.2 1427.6 11.9 1427.6 11.9 101.5 
Moecher EC17-1B 16Dec2017-Spot 33 38 
271963 4.0 11.0825 0.7 3.1178 1.4 0.2507 1.2 0.88 1442.1 16.1 1437.1 10.9 1429.6 13.1 1429.6 13.1 100.9 
Moecher EC17-1B 16Dec2017-Spot 97 108 
115563 3.7 11.0702 0.7 3.0753 1.3 0.2470 1.1 0.85 1423.1 13.8 1426.6 9.8 1431.7 13.1 1431.7 13.1 99.4 
Moecher EC17-1B 16Dec2017-Spot 273 83 
371051 2.2 11.0308 0.7 3.1088 1.4 0.2488 1.2 0.86 1432.4 14.9 1434.9 10.4 1438.5 13.3 1438.5 13.3 99.6 
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Appendix A: EC17-1B U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
 (ppm) 204Pb  207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-1B 16Dec2017-Spot 48 529 
446974 1.7 11.0272 0.6 3.0882 1.2 0.2471 1.1 0.87 1423.5 13.7 1429.8 9.4 1439.1 11.6 1439.1 11.6 98.9 
Moecher EC17-1B 16Dec2017-Spot 232 576 
683660 3.0 11.0252 0.8 3.0481 1.3 0.2438 1.1 0.81 1406.6 13.4 1419.7 10.1 1439.5 14.8 1439.5 14.8 97.7 
Moecher EC17-1B 16Dec2017-Spot 28 160 
77256 2.1 10.9999 0.7 3.2025 1.2 0.2556 1.0 0.82 1467.3 13.4 1457.8 9.6 1443.9 13.3 1443.9 13.3 101.6 
Moecher EC17-1B 16Dec2017-Spot 231 165 
194394 3.6 10.9918 0.7 3.0009 1.1 0.2393 0.8 0.78 1383.2 10.3 1407.8 8.0 1445.3 12.5 1445.3 12.5 95.7 
Moecher EC17-1B 16Dec2017-Spot 235 250 
248483 2.8 10.9740 0.7 2.9732 1.4 0.2367 1.2 0.87 1369.7 15.0 1400.8 10.6 1448.4 13.3 1448.4 13.3 94.6 
Moecher EC17-1B 16Dec2017-Spot 223 351 
3633723 2.1 10.9568 0.5 3.2093 1.1 0.2551 1.0 0.88 1464.9 12.8 1459.4 8.6 1451.3 10.2 1451.3 10.2 100.9 
Moecher EC17-1B 16Dec2017-Spot 102 191 
109683 3.2 10.9169 0.5 3.1939 1.1 0.2530 1.0 0.88 1453.9 13.0 1455.7 8.8 1458.3 10.3 1458.3 10.3 99.7 
Moecher EC17-1B 16Dec2017-Spot 44 309 
266703 1.4 10.9011 0.6 3.2389 1.2 0.2562 1.0 0.86 1470.3 13.5 1466.5 9.2 1461.0 11.6 1461.0 11.6 100.6 
Moecher EC17-1B 16Dec2017-Spot 4 120 
131382 2.4 10.8750 0.7 3.2001 1.3 0.2525 1.1 0.86 1451.4 14.4 1457.2 10.0 1465.6 12.8 1465.6 12.8 99.0 
Moecher EC17-1B 16Dec2017-Spot 286 140 
47620 1.8 10.8579 0.5 3.2143 0.9 0.2532 0.8 0.83 1455.1 10.1 1460.6 7.2 1468.6 9.8 1468.6 9.8 99.1 
Moecher EC17-1B 16Dec2017-Spot 263 159 
155715 2.6 10.8377 0.6 3.2192 1.1 0.2531 0.9 0.82 1454.7 12.1 1461.8 8.7 1472.1 12.2 1472.1 12.2 98.8 
Moecher EC17-1B 16Dec2017-Spot 164 121 
104711 2.7 10.8362 0.7 3.0520 1.2 0.2400 1.0 0.80 1386.5 12.2 1420.7 9.4 1472.4 14.1 1472.4 14.1 94.2 
Moecher EC17-1B 16Dec2017-Spot 260 404 
156570 4.1 10.8113 0.5 3.2321 1.0 0.2535 0.9 0.86 1456.7 11.3 1464.9 7.8 1476.7 9.7 1476.7 9.7 98.6 
Moecher EC17-1B 16Dec2017-Spot 150 399 
861141 1.8 10.5062 0.7 3.4474 1.3 0.2628 1.1 0.86 1504.1 14.7 1515.3 10.0 1530.8 12.3 1530.8 12.3 98.3 
Moecher EC17-1B 16Dec2017-Spot 119 87 
107332 2.9 10.4600 0.6 3.4857 1.2 0.2645 1.0 0.83 1513.1 12.8 1524.0 9.1 1539.1 12.1 1539.1 12.1 98.3 
Moecher EC17-1B 16Dec2017-Spot 61 164 
28999 2.9 10.3861 1.2 3.3271 1.7 0.2507 1.2 0.72 1442.3 15.7 1487.4 13.1 1552.5 21.9 1552.5 21.9 92.9 
Moecher EC17-1B 16Dec2017-Spot 237 525 
2239849 1.5 9.9269 0.7 4.0325 1.1 0.2905 0.9 0.80 1643.8 12.8 1640.8 8.9 1636.9 12.1 1636.9 12.1 100.4 
Moecher EC17-1B 16Dec2017-Spot 10 214 
104374 1.0 9.8825 0.6 4.0853 1.2 0.2929 1.0 0.83 1656.2 14.2 1651.4 9.5 1645.2 12.0 1645.2 12.0 100.7 
Moecher EC17-1B 16Dec2017-Spot 30 201 
63298 2.0 9.4308 0.5 4.4269 1.3 0.3029 1.1 0.90 1705.8 16.9 1717.4 10.4 1731.5 10.0 1731.5 10.0 98.5 
Moecher EC17-1B 16Dec2017-Spot 170 113 
66197 1.2 9.2435 0.7 4.5893 1.1 0.3078 0.9 0.80 1729.9 13.5 1747.3 9.3 1768.3 12.1 1768.3 12.1 97.8 
Moecher EC17-1B 16Dec2017-Spot 138 92 
244793 1.5 5.3759 0.5 13.4618 1.3 0.5251 1.2 0.91 2720.8 25.9 2712.6 12.1 2706.5 8.7 2706.5 8.7 100.5 
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Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 176 211 
96811 2.0 16.6215 0.8 0.8569 1.0 0.1033 0.7 0.67 634.0 4.2 628.4 4.8 608.5 16.3 634.0 4.2 104.2 
Moecher EC17-2 17Dec2017-Spot 126 264 
239865 0.9 16.1719 0.7 0.9218 1.3 0.1082 1.1 0.83 662.1 6.8 663.3 6.3 667.5 15.7 662.1 6.8 99.2 
Moecher EC17-2 17Dec2017-Spot 279 55 
36273 3.1 14.5702 0.8 1.4674 1.3 0.1551 1.0 0.76 929.7 8.3 917.1 7.6 886.9 16.8 886.9 16.8 104.8 
Moecher EC17-2 17Dec2017-Spot 313 155 
91114 3.3 14.4962 0.9 1.4742 1.3 0.1551 1.0 0.73 929.3 8.3 919.9 8.0 897.3 18.7 897.3 18.7 103.6 
Moecher EC17-2 17Dec2017-Spot 286 170 
617967 4.4 14.4256 0.6 1.4693 1.0 0.1538 0.8 0.83 922.2 7.3 917.8 6.1 907.4 11.6 907.4 11.6 101.6 
Moecher EC17-2 17Dec2017-Spot 210 102 
124080 2.8 14.4245 0.9 1.4348 1.3 0.1502 0.9 0.70 901.9 7.8 903.5 7.9 907.6 19.3 907.6 19.3 99.4 
Moecher EC17-2 17Dec2017-Spot 304 127 
92922 3.3 14.3958 0.8 1.4740 1.3 0.1540 1.1 0.81 923.2 9.3 919.8 8.1 911.7 16.3 911.7 16.3 101.3 
Moecher EC17-2 17Dec2017-Spot 159 77 
21420 3.1 14.3451 1.0 1.4578 1.5 0.1517 1.1 0.75 910.7 9.5 913.1 8.9 918.9 20.0 918.9 20.0 99.1 
Moecher EC17-2 17Dec2017-Spot 108 81 
197571 3.7 14.2947 1.0 1.5135 3.0 0.1570 2.8 0.94 940.0 24.6 935.9 18.3 926.2 20.5 926.2 20.5 101.5 
Moecher EC17-2 17Dec2017-Spot 57 70 
20618 3.1 14.2692 1.0 1.4532 1.4 0.1505 1.0 0.71 903.5 8.3 911.2 8.4 929.9 20.3 929.9 20.3 97.2 
Moecher EC17-2 17Dec2017-Spot 178 836 
66460 5.1 14.2405 0.5 1.4466 1.0 0.1495 0.9 0.85 898.0 7.2 908.5 6.1 934.0 11.2 934.0 11.2 96.1 
Moecher EC17-2 17Dec2017-Spot 144 58 
584845 2.0 14.1486 1.0 1.6119 1.4 0.1655 1.0 0.69 987.2 8.8 974.8 8.8 947.2 20.9 947.2 20.9 104.2 
Moecher EC17-2 17Dec2017-Spot 5 262 
35343 2.0 14.1268 0.9 1.5429 1.3 0.1581 1.0 0.77 946.5 9.1 947.6 8.3 950.4 17.5 950.4 17.5 99.6 
Moecher EC17-2 17Dec2017-Spot 103 165 
64285 4.1 14.1094 0.7 1.6124 1.0 0.1651 0.8 0.73 984.9 6.9 975.0 6.5 952.9 14.5 952.9 14.5 103.4 
Moecher EC17-2 17Dec2017-Spot 93 207 
65474 1.9 14.0327 0.8 1.6569 1.3 0.1687 1.0 0.77 1005.0 9.1 992.2 8.1 964.1 16.8 964.1 16.8 104.2 
Moecher EC17-2 17Dec2017-Spot 219 63 
14692 6.6 14.0232 0.9 1.5975 1.4 0.1625 1.0 0.75 970.9 9.4 969.2 8.7 965.4 18.9 965.4 18.9 100.6 
Moecher EC17-2 17Dec2017-Spot 50 238 
1684796 3.6 14.0085 0.6 1.4794 0.9 0.1504 0.6 0.69 903.0 5.1 922.0 5.4 967.6 13.1 967.6 13.1 93.3 
Moecher EC17-2 17Dec2017-Spot 4 354 
56061 2.2 13.9948 0.7 1.5666 1.0 0.1591 0.8 0.74 951.6 6.7 957.1 6.3 969.6 13.8 969.6 13.8 98.1 
Moecher EC17-2 17Dec2017-Spot 42 48 
39100 2.2 13.9774 1.2 1.5448 1.6 0.1567 1.0 0.66 938.2 9.0 948.4 9.6 972.1 23.7 972.1 23.7 96.5 
Moecher EC17-2 17Dec2017-Spot 276 97 
63306 2.7 13.9708 0.8 1.5621 1.3 0.1583 1.0 0.76 947.6 8.6 955.3 8.0 973.1 17.1 973.1 17.1 97.4 
Moecher EC17-2 17Dec2017-Spot 305 1287 
1322954 12.7 13.9604 0.7 1.6823 1.1 0.1704 0.9 0.80 1014.3 8.2 1001.8 7.0 974.6 13.4 974.6 13.4 104.1 
Moecher EC17-2 17Dec2017-Spot 135 288 
140831 2.0 13.9436 0.7 1.6518 1.2 0.1671 0.9 0.80 996.2 8.6 990.2 7.3 977.0 14.3 977.0 14.3 102.0 
Moecher EC17-2 17Dec2017-Spot 127 190 
111922 2.0 13.9200 0.8 1.6704 1.3 0.1687 1.1 0.82 1005.0 10.3 997.3 8.5 980.5 15.7 980.5 15.7 102.5 
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Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 154 133 
80641 6.6 13.9155 0.7 1.6863 1.1 0.1703 0.8 0.73 1013.6 7.4 1003.4 6.9 981.2 15.1 981.2 15.1 103.3 
Moecher EC17-2 17Dec2017-Spot 43 707 
131852 5.6 13.8927 0.5 1.6323 0.9 0.1645 0.8 0.83 982.0 7.1 982.8 5.9 984.5 10.7 984.5 10.7 99.7 
Moecher EC17-2 17Dec2017-Spot 223 86 
70096 4.0 13.8614 0.8 1.6987 1.2 0.1708 1.0 0.79 1016.8 9.3 1008.0 8.0 989.1 15.6 989.1 15.6 102.8 
Moecher EC17-2 17Dec2017-Spot 183 58 
14493 2.3 13.8485 0.9 1.6887 1.2 0.1697 0.8 0.65 1010.4 7.5 1004.3 7.9 991.0 19.1 991.0 19.1 102.0 
Moecher EC17-2 17Dec2017-Spot 267 340 
74134 4.0 13.8357 0.6 1.6881 1.2 0.1695 1.1 0.88 1009.2 10.1 1004.1 7.8 992.8 11.8 992.8 11.8 101.6 
Moecher EC17-2 17Dec2017-Spot 290 369 
79460 3.2 13.8282 0.6 1.7124 1.3 0.1718 1.2 0.90 1022.1 11.3 1013.2 8.5 994.0 11.8 994.0 11.8 102.8 
Moecher EC17-2 17Dec2017-Spot 214 178 
217734 2.9 13.8263 0.8 1.6480 1.2 0.1653 0.9 0.74 986.3 8.3 988.8 7.7 994.2 16.8 994.2 16.8 99.2 
Moecher EC17-2 17Dec2017-Spot 88 27 
8930 3.8 13.8249 1.4 1.6645 1.7 0.1670 1.0 0.56 995.4 8.9 995.1 10.8 994.4 28.6 994.4 28.6 100.1 
Moecher EC17-2 17Dec2017-Spot 182 27 
12827 1.4 13.8197 1.3 1.7335 1.7 0.1738 1.0 0.62 1033.2 10.0 1021.1 11.0 995.2 27.3 995.2 27.3 103.8 
Moecher EC17-2 17Dec2017-Spot 213 80 
152142 2.3 13.8182 1.2 1.6000 1.5 0.1604 0.9 0.59 959.1 8.0 970.2 9.5 995.4 24.9 995.4 24.9 96.4 
Moecher EC17-2 17Dec2017-Spot 260 156 
70067 3.3 13.8122 0.8 1.6280 1.1 0.1632 0.8 0.71 974.3 7.3 981.1 7.1 996.3 16.3 996.3 16.3 97.8 
Moecher EC17-2 17Dec2017-Spot 153 609 
183687 2.8 13.8066 0.7 1.6812 1.1 0.1684 0.8 0.76 1003.4 7.8 1001.4 7.1 997.1 14.7 997.1 14.7 100.6 
Moecher EC17-2 17Dec2017-Spot 44 906 
1374210 4.7 13.7926 0.6 1.6524 1.1 0.1654 0.9 0.84 986.5 8.2 990.5 6.8 999.2 11.9 999.2 11.9 98.7 
Moecher EC17-2 17Dec2017-Spot 9 70 
12771 1.1 13.7812 0.9 1.7148 1.4 0.1715 1.0 0.75 1020.2 9.7 1014.1 8.7 1000.9 18.3 1000.9 18.3 101.9 
Moecher EC17-2 17Dec2017-Spot 241 183 
60974 4.8 13.7809 0.8 1.6774 1.1 0.1677 0.8 0.73 999.6 7.4 1000.0 7.0 1000.9 15.2 1000.9 15.2 99.9 
Moecher EC17-2 17Dec2017-Spot 220 973 
586214 7.1 13.7805 0.5 1.7262 1.0 0.1726 0.8 0.87 1026.4 7.9 1018.3 6.2 1001.0 9.7 1001.0 9.7 102.5 
Moecher EC17-2 17Dec2017-Spot 181 264 
75441 2.0 13.7658 0.8 1.7159 1.4 0.1714 1.1 0.81 1019.8 10.5 1014.5 8.8 1003.1 16.4 1003.1 16.4 101.7 
Moecher EC17-2 17Dec2017-Spot 34 573 
320357 3.7 13.7337 0.6 1.7701 1.2 0.1764 1.0 0.87 1047.2 10.1 1034.6 7.8 1007.9 12.1 1007.9 12.1 103.9 
Moecher EC17-2 17Dec2017-Spot 26 34 
91856 2.6 13.7327 1.2 1.6874 1.6 0.1681 1.1 0.66 1001.9 9.8 1003.8 10.1 1008.0 24.1 1008.0 24.1 99.4 
Moecher EC17-2 17Dec2017-Spot 114 588 
348466 6.4 13.7268 0.7 1.7178 1.1 0.1711 0.9 0.81 1018.1 8.6 1015.2 7.3 1008.9 13.5 1008.9 13.5 100.9 
Moecher EC17-2 17Dec2017-Spot 228 114 
261358 0.9 13.7205 0.6 1.7509 1.0 0.1743 0.9 0.82 1035.8 8.2 1027.5 6.8 1009.8 12.1 1009.8 12.1 102.6 
Moecher EC17-2 17Dec2017-Spot 231 586 
125159 1.8 13.7075 0.8 1.7477 1.7 0.1738 1.5 0.89 1033.1 14.2 1026.3 10.8 1011.7 15.7 1011.7 15.7 102.1 
Moecher EC17-2 17Dec2017-Spot 148 275 
66137 3.9 13.7046 0.5 1.6847 1.0 0.1675 0.8 0.85 998.5 7.8 1002.8 6.4 1012.2 10.7 1012.2 10.7 98.6 
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Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 193 564 
238341 7.1 13.6988 0.5 1.7153 0.9 0.1705 0.8 0.87 1014.8 7.7 1014.3 6.0 1013.0 9.3 1013.0 9.3 100.2 
Moecher EC17-2 17Dec2017-Spot 311 46 
40481 0.9 13.6966 1.1 1.6837 1.6 0.1673 1.2 0.75 997.4 11.3 1002.4 10.4 1013.4 21.9 1013.4 21.9 98.4 
Moecher EC17-2 17Dec2017-Spot 91 364 
189864 4.1 13.6954 0.7 1.7876 1.3 0.1776 1.1 0.84 1054.1 10.3 1041.0 8.2 1013.5 13.7 1013.5 13.7 104.0 
Moecher EC17-2 17Dec2017-Spot 147 547 
2625144 3.7 13.6949 0.7 1.7821 1.3 0.1771 1.1 0.86 1051.0 10.8 1038.9 8.5 1013.6 13.5 1013.6 13.5 103.7 
Moecher EC17-2 17Dec2017-Spot 190 175 
95759 4.1 13.6927 0.9 1.7320 1.4 0.1721 1.1 0.79 1023.6 10.5 1020.5 9.0 1013.9 17.4 1013.9 17.4 101.0 
Moecher EC17-2 17Dec2017-Spot 1 40 
131407 1.2 13.6895 1.0 1.6726 1.4 0.1661 1.1 0.74 990.8 9.8 998.2 9.1 1014.4 19.5 1014.4 19.5 97.7 
Moecher EC17-2 17Dec2017-Spot 120 167 
161248 1.2 13.6811 0.7 1.7786 1.2 0.1766 0.9 0.78 1048.1 9.1 1037.6 7.8 1015.6 15.1 1015.6 15.1 103.2 
Moecher EC17-2 17Dec2017-Spot 118 68 
29254 2.8 13.6746 0.9 1.7752 1.2 0.1761 0.9 0.71 1045.8 8.4 1036.4 8.1 1016.6 17.8 1016.6 17.8 102.9 
Moecher EC17-2 17Dec2017-Spot 270 95 
31864 1.6 13.6666 0.9 1.7332 1.3 0.1719 1.0 0.75 1022.4 9.3 1020.9 8.4 1017.8 17.3 1017.8 17.3 100.5 
Moecher EC17-2 17Dec2017-Spot 202 177 
432926 3.3 13.6608 0.9 1.7086 1.3 0.1694 0.9 0.69 1008.6 8.3 1011.8 8.2 1018.7 18.8 1018.7 18.8 99.0 
Moecher EC17-2 17Dec2017-Spot 123 595 
226064 9.8 13.6566 0.6 1.8155 1.1 0.1799 0.9 0.82 1066.4 8.6 1051.1 7.0 1019.3 12.4 1019.3 12.4 104.6 
Moecher EC17-2 17Dec2017-Spot 232 156 
188824 2.3 13.6559 0.8 1.7151 1.2 0.1699 0.9 0.76 1011.8 8.5 1014.2 7.6 1019.4 15.6 1019.4 15.6 99.3 
Moecher EC17-2 17Dec2017-Spot 285 137 
195138 2.9 13.6551 0.9 1.7862 1.3 0.1770 0.9 0.73 1050.4 8.9 1040.4 8.2 1019.5 17.6 1019.5 17.6 103.0 
Moecher EC17-2 17Dec2017-Spot 264 81 
12313 3.7 13.6539 0.7 1.8145 1.2 0.1798 0.9 0.77 1065.7 8.8 1050.7 7.6 1019.7 15.0 1019.7 15.0 104.5 
Moecher EC17-2 17Dec2017-Spot 215 591 
194974 1.2 13.6517 0.5 1.7973 1.3 0.1780 1.2 0.91 1056.2 11.4 1044.5 8.4 1020.0 10.7 1020.0 10.7 103.5 
Moecher EC17-2 17Dec2017-Spot 294 307 
333201 3.8 13.6506 0.7 1.7460 1.4 0.1729 1.2 0.85 1028.3 11.4 1025.7 9.1 1020.2 14.8 1020.2 14.8 100.8 
Moecher EC17-2 17Dec2017-Spot 39 124 
49542 3.5 13.6461 0.7 1.7115 1.3 0.1695 1.1 0.84 1009.1 10.2 1012.8 8.3 1020.8 14.0 1020.8 14.0 98.9 
Moecher EC17-2 17Dec2017-Spot 171 320 
62739 3.3 13.6432 0.7 1.8251 1.2 0.1807 1.0 0.82 1070.7 9.9 1054.5 8.0 1021.3 14.1 1021.3 14.1 104.8 
Moecher EC17-2 17Dec2017-Spot 107 910 
770075 6.1 13.6322 0.6 1.7703 1.2 0.1751 1.0 0.88 1040.2 10.0 1034.6 7.7 1022.9 11.5 1022.9 11.5 101.7 
Moecher EC17-2 17Dec2017-Spot 227 113 
77914 1.5 13.6292 0.9 1.7599 1.3 0.1740 1.0 0.74 1034.3 9.5 1030.8 8.7 1023.3 18.3 1023.3 18.3 101.1 
Moecher EC17-2 17Dec2017-Spot 161 82 
82710 2.3 13.6238 0.8 1.7288 1.2 0.1709 0.8 0.70 1017.0 7.6 1019.3 7.4 1024.2 16.6 1024.2 16.6 99.3 
Moecher EC17-2 17Dec2017-Spot 239 212 
46764 3.8 13.6176 0.7 1.7892 1.0 0.1768 0.8 0.77 1049.4 7.8 1041.5 6.8 1025.1 13.7 1025.1 13.7 102.4 
Moecher EC17-2 17Dec2017-Spot 262 69 
83844 1.7 13.6153 0.9 1.7317 1.2 0.1711 0.8 0.67 1018.0 7.6 1020.4 7.8 1025.4 18.2 1025.4 18.2 99.3 
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Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 21 537 
181966 3.3 13.6152 0.5 1.8258 1.2 0.1804 1.1 0.90 1069.0 10.8 1054.8 8.0 1025.4 11.1 1025.4 11.1 104.2 
Moecher EC17-2 17Dec2017-Spot 162 350 
135421 3.6 13.6128 0.6 1.7760 1.1 0.1754 0.8 0.80 1041.9 8.2 1036.7 6.9 1025.8 12.7 1025.8 12.7 101.6 
Moecher EC17-2 17Dec2017-Spot 168 360 
158924 2.1 13.6105 0.6 1.7264 1.1 0.1705 0.9 0.83 1014.8 8.7 1018.4 7.2 1026.1 12.7 1026.1 12.7 98.9 
Moecher EC17-2 17Dec2017-Spot 12 678 
179411 4.1 13.6075 0.6 1.7679 1.1 0.1745 1.0 0.87 1037.1 9.5 1033.7 7.4 1026.6 11.5 1026.6 11.5 101.0 
Moecher EC17-2 17Dec2017-Spot 74 1088 
646064 3.0 13.6043 0.6 1.7775 1.1 0.1755 0.9 0.85 1042.1 8.7 1037.3 6.9 1027.0 11.3 1027.0 11.3 101.5 
Moecher EC17-2 17Dec2017-Spot 71 115 
30806 2.2 13.6035 0.7 1.6915 1.0 0.1670 0.7 0.75 995.3 6.9 1005.3 6.4 1027.2 13.5 1027.2 13.5 96.9 
Moecher EC17-2 17Dec2017-Spot 245 1051 
94780 2.2 13.6035 0.7 1.7709 1.5 0.1748 1.4 0.88 1038.5 13.0 1034.9 10.0 1027.2 15.0 1027.2 15.0 101.1 
Moecher EC17-2 17Dec2017-Spot 291 227 
60622 3.6 13.5967 0.7 1.7430 1.2 0.1720 1.0 0.83 1022.9 9.5 1024.6 7.8 1028.2 13.8 1028.2 13.8 99.5 
Moecher EC17-2 17Dec2017-Spot 36 384 
95280 4.1 13.5953 0.7 1.7442 1.1 0.1721 0.8 0.79 1023.4 8.0 1025.0 6.9 1028.4 13.5 1028.4 13.5 99.5 
Moecher EC17-2 17Dec2017-Spot 185 194 
98128 5.7 13.5925 0.9 1.7033 1.3 0.1680 1.0 0.75 1001.0 9.1 1009.8 8.4 1028.8 17.4 1028.8 17.4 97.3 
Moecher EC17-2 17Dec2017-Spot 312 73 
51853 2.7 13.5878 0.9 1.7599 1.3 0.1735 1.0 0.75 1031.4 9.4 1030.8 8.4 1029.5 17.4 1029.5 17.4 100.2 
Moecher EC17-2 17Dec2017-Spot 77 448 
95009 8.0 13.5859 0.8 1.7436 1.2 0.1719 1.0 0.79 1022.5 9.2 1024.8 8.0 1029.8 15.3 1029.8 15.3 99.3 
Moecher EC17-2 17Dec2017-Spot 184 339 
201454 2.5 13.5798 0.6 1.7419 1.0 0.1716 0.8 0.82 1021.1 7.9 1024.2 6.6 1030.7 11.7 1030.7 11.7 99.1 
Moecher EC17-2 17Dec2017-Spot 155 69 
22505 2.5 13.5797 1.0 1.6994 1.3 0.1675 0.9 0.69 998.0 8.5 1008.3 8.5 1030.7 19.4 1030.7 19.4 96.8 
Moecher EC17-2 17Dec2017-Spot 284 196 
69069 1.3 13.5775 0.7 1.7941 1.4 0.1768 1.1 0.84 1049.2 11.0 1043.3 8.9 1031.0 15.1 1031.0 15.1 101.8 
Moecher EC17-2 17Dec2017-Spot 165 208 
113493 3.5 13.5766 0.7 1.7383 1.4 0.1712 1.2 0.85 1019.0 10.9 1022.8 8.8 1031.2 14.6 1031.2 14.6 98.8 
Moecher EC17-2 17Dec2017-Spot 28 197 
54617 4.2 13.5749 0.7 1.7372 1.1 0.1711 0.9 0.78 1018.2 8.2 1022.4 7.2 1031.4 14.3 1031.4 14.3 98.7 
Moecher EC17-2 17Dec2017-Spot 98 195 
119621 3.7 13.5727 0.6 1.7677 1.0 0.1741 0.7 0.76 1034.6 6.9 1033.7 6.2 1031.7 12.5 1031.7 12.5 100.3 
Moecher EC17-2 17Dec2017-Spot 301 214 
399115 4.7 13.5650 0.6 1.7142 1.2 0.1687 1.0 0.86 1005.0 9.7 1013.8 7.8 1032.9 12.6 1032.9 12.6 97.3 
Moecher EC17-2 17Dec2017-Spot 172 261 
140616 2.0 13.5617 0.6 1.7882 1.1 0.1760 0.9 0.84 1044.9 8.9 1041.2 7.1 1033.4 12.0 1033.4 12.0 101.1 
Moecher EC17-2 17Dec2017-Spot 238 95 
54256 3.4 13.5610 0.8 1.7284 1.3 0.1701 1.1 0.81 1012.5 9.9 1019.2 8.4 1033.5 15.4 1033.5 15.4 98.0 
Moecher EC17-2 17Dec2017-Spot 61 143 
212821 1.8 13.5601 0.6 1.7347 1.1 0.1707 0.9 0.83 1015.9 8.6 1021.5 7.1 1033.6 12.6 1033.6 12.6 98.3 
Moecher EC17-2 17Dec2017-Spot 314 454 
97575 4.8 13.5433 0.5 1.8099 1.0 0.1779 0.9 0.84 1055.3 8.3 1049.1 6.6 1036.1 11.0 1036.1 11.0 101.8 
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Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 76 73 
43234 2.2 13.5247 0.8 1.7360 1.1 0.1704 0.8 0.71 1014.1 7.6 1022.0 7.4 1038.9 16.4 1038.9 16.4 97.6 
Moecher EC17-2 17Dec2017-Spot 48 78 
24486 1.5 13.5243 1.0 1.7843 1.4 0.1751 1.0 0.72 1040.1 9.9 1039.7 9.3 1039.0 20.3 1039.0 20.3 100.1 
Moecher EC17-2 17Dec2017-Spot 195 210 
421784 2.5 13.5242 0.7 1.7603 1.2 0.1727 1.0 0.81 1027.2 9.2 1031.0 7.7 1039.0 14.2 1039.0 14.2 98.9 
Moecher EC17-2 17Dec2017-Spot 14 75 
70778 0.7 13.5148 1.0 1.7282 1.5 0.1695 1.1 0.76 1009.2 10.6 1019.1 9.6 1040.4 19.5 1040.4 19.5 97.0 
Moecher EC17-2 17Dec2017-Spot 90 242 
98532 2.5 13.5135 0.6 1.7335 1.1 0.1700 0.9 0.81 1011.9 8.3 1021.0 7.0 1040.6 12.8 1040.6 12.8 97.2 
Moecher EC17-2 17Dec2017-Spot 96 345 
125953 1.2 13.5048 0.5 1.8708 0.9 0.1833 0.7 0.82 1085.1 7.4 1070.8 6.0 1041.9 10.6 1041.9 10.6 104.1 
Moecher EC17-2 17Dec2017-Spot 249 96 
25630 2.1 13.5034 0.8 1.7487 1.3 0.1713 1.0 0.80 1019.4 9.8 1026.7 8.4 1042.1 15.9 1042.1 15.9 97.8 
Moecher EC17-2 17Dec2017-Spot 94 657 
147189 21.4 13.4981 0.6 1.8281 1.1 0.1790 1.0 0.84 1061.8 9.4 1055.6 7.5 1042.9 12.3 1042.9 12.3 101.8 
Moecher EC17-2 17Dec2017-Spot 45 94 
36286 1.2 13.4973 0.8 1.6950 1.2 0.1660 0.9 0.76 990.0 8.1 1006.6 7.4 1043.0 15.2 1043.0 15.2 94.9 
Moecher EC17-2 17Dec2017-Spot 283 438 
1108155 0.7 13.4887 0.6 1.8235 0.9 0.1785 0.7 0.78 1058.6 7.2 1053.9 6.2 1044.3 11.8 1044.3 11.8 101.4 
Moecher EC17-2 17Dec2017-Spot 157 305 
108278 2.6 13.4809 0.8 1.7854 1.2 0.1746 0.9 0.74 1037.6 8.5 1040.2 7.9 1045.5 16.4 1045.5 16.4 99.2 
Moecher EC17-2 17Dec2017-Spot 225 351 
246469 2.2 13.4803 0.5 1.8490 1.3 0.1809 1.2 0.90 1071.6 11.4 1063.1 8.4 1045.6 11.0 1045.6 11.0 102.5 
Moecher EC17-2 17Dec2017-Spot 244 1388 
541665 2.9 13.4741 0.5 1.8730 1.1 0.1831 0.9 0.86 1084.0 9.1 1071.6 7.1 1046.5 11.0 1046.5 11.0 103.6 
Moecher EC17-2 17Dec2017-Spot 132 545 
644654 5.1 13.4732 0.5 1.8161 1.3 0.1775 1.2 0.91 1053.5 11.5 1051.3 8.5 1046.6 11.0 1046.6 11.0 100.7 
Moecher EC17-2 17Dec2017-Spot 89 175 
1207231 3.1 13.4722 0.8 1.7612 1.1 0.1722 0.8 0.72 1024.0 7.7 1031.3 7.3 1046.8 15.7 1046.8 15.7 97.8 
Moecher EC17-2 17Dec2017-Spot 152 131 
100555 2.1 13.4672 0.9 1.8186 1.2 0.1777 0.8 0.69 1054.4 8.1 1052.2 8.0 1047.5 17.8 1047.5 17.8 100.7 
Moecher EC17-2 17Dec2017-Spot 29 59 
43876 1.8 13.4632 1.0 1.8026 1.4 0.1761 0.9 0.67 1045.6 9.0 1046.4 9.1 1048.1 20.9 1048.1 20.9 99.8 
Moecher EC17-2 17Dec2017-Spot 54 101 
137280 2.6 13.4628 0.8 1.7015 1.2 0.1662 0.9 0.76 991.2 8.4 1009.1 7.7 1048.2 15.8 1048.2 15.8 94.6 
Moecher EC17-2 17Dec2017-Spot 222 201 
259782 1.0 13.4604 0.7 1.9018 1.2 0.1857 0.9 0.77 1098.3 9.0 1081.7 7.8 1048.6 15.1 1048.6 15.1 104.7 
Moecher EC17-2 17Dec2017-Spot 226 265 
101118 4.3 13.4436 0.5 1.7589 1.1 0.1716 0.9 0.86 1020.7 8.6 1030.4 6.9 1051.1 11.1 1051.1 11.1 97.1 
Moecher EC17-2 17Dec2017-Spot 266 195 
70884 3.2 13.4408 0.6 1.8073 1.0 0.1763 0.8 0.80 1046.5 7.8 1048.1 6.6 1051.5 12.3 1051.5 12.3 99.5 
Moecher EC17-2 17Dec2017-Spot 19 110 
94501 2.4 13.4383 0.8 1.8454 1.1 0.1799 0.7 0.66 1066.6 7.0 1061.8 7.1 1051.9 16.3 1051.9 16.3 101.4 
Moecher EC17-2 17Dec2017-Spot 180 289 
325581 1.6 13.4326 0.5 1.8236 1.1 0.1777 0.9 0.87 1054.6 9.0 1054.0 7.0 1052.7 10.8 1052.7 10.8 100.2 
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Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 308 102 
69565 2.3 13.4319 0.7 1.7563 1.1 0.1712 0.8 0.74 1018.5 7.6 1029.5 7.0 1052.8 14.7 1052.8 14.7 96.7 
Moecher EC17-2 17Dec2017-Spot 140 69 
35558 2.3 13.4316 0.9 1.8012 1.3 0.1755 0.9 0.70 1042.6 8.7 1045.9 8.5 1052.9 18.7 1052.9 18.7 99.0 
Moecher EC17-2 17Dec2017-Spot 281 58 
61998 3.6 13.4316 0.9 1.8228 1.1 0.1776 0.8 0.66 1054.1 7.4 1053.7 7.5 1052.9 17.4 1052.9 17.4 100.1 
Moecher EC17-2 17Dec2017-Spot 73 140 
62521 1.7 13.4235 0.6 1.8144 1.0 0.1767 0.8 0.80 1049.0 7.6 1050.7 6.4 1054.1 12.0 1054.1 12.0 99.5 
Moecher EC17-2 17Dec2017-Spot 145 312 
55007 1.4 13.4223 0.7 1.8655 1.5 0.1817 1.3 0.88 1076.1 12.8 1068.9 9.7 1054.3 14.0 1054.3 14.0 102.1 
Moecher EC17-2 17Dec2017-Spot 106 386 
90800 3.0 13.3932 0.6 1.7767 1.4 0.1727 1.2 0.90 1026.7 11.6 1037.0 8.9 1058.6 12.1 1058.6 12.1 97.0 
Moecher EC17-2 17Dec2017-Spot 101 107 
70130 1.2 13.3903 0.8 1.8213 1.1 0.1769 0.8 0.68 1050.3 7.5 1053.1 7.5 1059.1 16.9 1059.1 16.9 99.2 
Moecher EC17-2 17Dec2017-Spot 209 56 
36935 1.6 13.3895 0.9 1.7096 1.3 0.1661 0.9 0.69 990.5 8.1 1012.1 8.3 1059.2 18.8 1059.2 18.8 93.5 
Moecher EC17-2 17Dec2017-Spot 297 357 
569816 14.2 13.3856 0.7 1.8925 1.3 0.1838 1.1 0.85 1087.7 10.8 1078.5 8.5 1059.8 13.6 1059.8 13.6 102.6 
Moecher EC17-2 17Dec2017-Spot 85 455 
143764 10.4 13.3835 0.7 1.8911 1.2 0.1836 1.0 0.81 1086.9 9.9 1078.0 8.1 1060.1 14.2 1060.1 14.2 102.5 
Moecher EC17-2 17Dec2017-Spot 137 127 
57389 3.9 13.3822 0.7 1.8926 1.2 0.1838 0.9 0.78 1087.5 9.2 1078.5 7.8 1060.3 14.8 1060.3 14.8 102.6 
Moecher EC17-2 17Dec2017-Spot 156 933 
550425 42.5 13.3814 0.5 1.8918 1.0 0.1837 0.9 0.89 1087.1 9.0 1078.2 6.7 1060.4 9.5 1060.4 9.5 102.5 
Moecher EC17-2 17Dec2017-Spot 299 132 
102783 2.5 13.3585 0.8 1.9003 1.3 0.1842 1.1 0.81 1089.8 10.6 1081.2 8.6 1063.9 15.2 1063.9 15.2 102.4 
Moecher EC17-2 17Dec2017-Spot 81 223 
53564 2.0 13.3533 0.9 1.8371 1.4 0.1780 1.1 0.78 1056.0 10.9 1058.8 9.4 1064.6 18.0 1064.6 18.0 99.2 
Moecher EC17-2 17Dec2017-Spot 302 292 
134295 1.8 13.3490 0.8 1.8882 1.6 0.1829 1.4 0.86 1082.7 13.8 1076.9 10.7 1065.3 16.5 1065.3 16.5 101.6 
Moecher EC17-2 17Dec2017-Spot 2 150 
144464 4.0 13.3447 0.6 1.8695 1.3 0.1810 1.1 0.88 1072.6 11.4 1070.4 8.7 1065.9 12.8 1065.9 12.8 100.6 
Moecher EC17-2 17Dec2017-Spot 306 219 
327822 2.0 13.3437 0.7 1.8429 1.3 0.1784 1.1 0.84 1058.4 10.7 1060.9 8.6 1066.1 14.4 1066.1 14.4 99.3 
Moecher EC17-2 17Dec2017-Spot 40 595 
463291 3.6 13.3371 0.6 1.8314 1.3 0.1772 1.2 0.90 1051.8 11.5 1056.8 8.7 1067.1 11.7 1067.1 11.7 98.6 
Moecher EC17-2 17Dec2017-Spot 196 52 
27862 1.4 13.3275 1.5 1.8630 1.8 0.1802 1.0 0.57 1067.8 10.1 1068.0 11.9 1068.5 29.6 1068.5 29.6 99.9 
Moecher EC17-2 17Dec2017-Spot 53 189 
32744 2.2 13.3258 0.7 1.8485 1.3 0.1787 1.0 0.82 1060.0 10.1 1062.9 8.3 1068.8 14.6 1068.8 14.6 99.2 
Moecher EC17-2 17Dec2017-Spot 59 393 
398882 2.9 13.3230 0.6 1.7965 1.3 0.1737 1.1 0.87 1032.3 10.6 1044.2 8.3 1069.2 12.4 1069.2 12.4 96.5 
Moecher EC17-2 17Dec2017-Spot 100 64 
71605 1.8 13.3095 0.9 1.8066 1.4 0.1745 1.0 0.75 1036.7 10.0 1047.8 9.1 1071.2 18.2 1071.2 18.2 96.8 
Moecher EC17-2 17Dec2017-Spot 275 475 
620910 3.0 13.2962 0.7 1.8549 1.3 0.1790 1.1 0.83 1061.2 10.6 1065.2 8.7 1073.3 14.8 1073.3 14.8 98.9 
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  Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 52 114 
79822 2.6 13.2934 0.7 1.8483 1.2 0.1783 1.0 0.81 1057.5 9.6 1062.8 8.0 1073.7 14.2 1073.7 14.2 98.5 
Moecher EC17-2 17Dec2017-Spot 169 328 
342679 2.9 13.2784 0.8 1.8211 1.3 0.1755 1.0 0.79 1042.1 10.0 1053.1 8.6 1075.9 16.0 1075.9 16.0 96.9 
Moecher EC17-2 17Dec2017-Spot 273 192 
91367 38.1 13.2707 0.6 1.8762 1.4 0.1807 1.2 0.88 1070.6 11.9 1072.7 9.1 1077.1 13.0 1077.1 13.0 99.4 
Moecher EC17-2 17Dec2017-Spot 56 323 
1133889 2.5 13.2659 0.7 1.8521 1.2 0.1783 1.0 0.82 1057.5 9.9 1064.2 8.1 1077.8 14.1 1077.8 14.1 98.1 
Moecher EC17-2 17Dec2017-Spot 65 107 
40576 3.0 13.2641 0.8 1.9098 1.2 0.1838 0.9 0.74 1087.7 9.1 1084.5 8.2 1078.1 16.5 1078.1 16.5 100.9 
Moecher EC17-2 17Dec2017-Spot 139 136 
98337 2.5 13.2610 0.7 1.8294 1.3 0.1760 1.1 0.84 1045.2 10.5 1056.1 8.5 1078.6 14.1 1078.6 14.1 96.9 
Moecher EC17-2 17Dec2017-Spot 33 76 
29169 1.9 13.2333 0.8 1.8670 1.2 0.1793 0.9 0.73 1063.0 8.9 1069.5 8.2 1082.8 16.9 1082.8 16.9 98.2 
Moecher EC17-2 17Dec2017-Spot 35 223 
720715 3.2 13.2320 0.6 1.7632 1.0 0.1693 0.9 0.84 1008.2 8.2 1032.0 6.8 1082.9 11.3 1082.9 11.3 93.1 
Moecher EC17-2 17Dec2017-Spot 217 79 
1697335 2.2 13.2301 1.0 1.8869 1.4 0.1811 1.1 0.75 1073.2 10.6 1076.5 9.5 1083.2 19.2 1083.2 19.2 99.1 
Moecher EC17-2 17Dec2017-Spot 84 244 
162274 1.7 13.2241 0.6 1.8451 1.1 0.1770 1.0 0.87 1050.8 9.6 1061.7 7.5 1084.1 11.3 1084.1 11.3 96.9 
Moecher EC17-2 17Dec2017-Spot 70 180 
59218 1.6 13.2168 0.7 1.8489 1.1 0.1773 0.8 0.78 1052.3 8.2 1063.0 7.2 1085.2 13.7 1085.2 13.7 97.0 
Moecher EC17-2 17Dec2017-Spot 296 260 
135469 2.2 13.1938 0.6 1.8669 1.1 0.1787 0.9 0.81 1060.0 8.6 1069.4 7.1 1088.7 12.6 1088.7 12.6 97.4 
Moecher EC17-2 17Dec2017-Spot 23 277 
199896 3.0 13.1922 0.7 1.8693 1.1 0.1789 0.9 0.81 1061.1 9.0 1070.3 7.5 1089.0 13.5 1089.0 13.5 97.4 
Moecher EC17-2 17Dec2017-Spot 235 108 
63198 2.1 13.1838 0.9 1.8848 1.4 0.1803 1.1 0.77 1068.6 10.9 1075.8 9.5 1090.2 18.1 1090.2 18.1 98.0 
Moecher EC17-2 17Dec2017-Spot 38 673 
110991 1.9 13.1558 0.5 1.9266 1.0 0.1839 0.9 0.87 1088.3 9.1 1090.4 7.0 1094.5 10.3 1094.5 10.3 99.4 
Moecher EC17-2 17Dec2017-Spot 136 90 
321400 1.8 13.1502 1.1 1.8701 1.4 0.1784 0.9 0.62 1058.4 8.7 1070.6 9.5 1095.4 22.7 1095.4 22.7 96.6 
Moecher EC17-2 17Dec2017-Spot 62 300 
92557 3.3 13.1203 0.7 1.7664 1.1 0.1682 0.8 0.77 1002.0 7.8 1033.2 7.0 1099.9 13.8 1099.9 13.8 91.1 
Moecher EC17-2 17Dec2017-Spot 204 94 
72665 3.7 13.1188 0.8 1.9604 1.5 0.1866 1.3 0.84 1103.0 13.0 1102.0 10.3 1100.2 16.9 1100.2 16.9 100.3 
Moecher EC17-2 17Dec2017-Spot 277 450 
107669 3.6 13.1058 0.6 1.9041 1.6 0.1811 1.4 0.91 1072.8 14.0 1082.5 10.3 1102.1 12.9 1102.1 12.9 97.3 
Moecher EC17-2 17Dec2017-Spot 47 77 
356067 1.8 13.0756 0.9 1.8759 1.4 0.1780 1.1 0.78 1055.9 11.0 1072.6 9.6 1106.7 18.1 1106.7 18.1 95.4 
Moecher EC17-2 17Dec2017-Spot 129 62 
221824 1.2 13.0740 1.3 1.8205 1.7 0.1727 1.1 0.62 1026.9 10.1 1052.9 11.2 1107.0 26.9 1107.0 26.9 92.8 
Moecher EC17-2 17Dec2017-Spot 41 157 
29105 5.1 13.0053 0.7 2.0174 1.2 0.1904 1.0 0.80 1123.4 9.9 1121.4 8.2 1117.5 14.5 1117.5 14.5 100.5 
Moecher EC17-2 17Dec2017-Spot 83 557 
433496 3.4 12.9813 0.5 2.0209 1.0 0.1903 0.9 0.89 1123.3 9.4 1122.6 6.9 1121.2 9.2 1121.2 9.2 100.2 
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Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 20 482 
43538 1.4 12.9784 0.7 1.8411 1.1 0.1734 0.9 0.79 1030.7 8.4 1060.3 7.3 1121.6 13.6 1121.6 13.6 91.9 
Moecher EC17-2 17Dec2017-Spot 113 480 
304917 4.5 12.9539 0.7 2.1212 1.4 0.1994 1.3 0.89 1171.9 13.6 1155.7 9.9 1125.4 13.2 1125.4 13.2 104.1 
Moecher EC17-2 17Dec2017-Spot 221 1035 
1783502 16.2 12.9294 0.6 2.1220 1.3 0.1991 1.1 0.89 1170.3 12.2 1156.0 8.9 1129.2 11.9 1129.2 11.9 103.6 
Moecher EC17-2 17Dec2017-Spot 22 405 
29779 1.3 12.9285 1.5 1.8354 1.8 0.1722 0.9 0.52 1024.1 8.6 1058.2 11.5 1129.3 30.0 1129.3 30.0 90.7 
Moecher EC17-2 17Dec2017-Spot 265 1142 
25306131 3.0 12.9235 0.5 2.1398 1.0 0.2007 0.9 0.85 1178.8 9.2 1161.8 6.9 1130.1 10.4 1130.1 10.4 104.3 
Moecher EC17-2 17Dec2017-Spot 258 398 
266346 0.9 12.9211 0.7 2.0351 1.2 0.1908 1.0 0.82 1125.7 10.0 1127.3 8.1 1130.5 13.6 1130.5 13.6 99.6 
Moecher EC17-2 17Dec2017-Spot 142 502 
720196 3.1 12.9118 0.6 2.1204 1.2 0.1987 1.1 0.87 1168.1 11.4 1155.5 8.5 1131.9 12.1 1131.9 12.1 103.2 
Moecher EC17-2 17Dec2017-Spot 86 763 
464480 2.9 12.8878 0.7 2.1391 1.0 0.2000 0.7 0.71 1175.5 7.3 1161.5 6.6 1135.6 13.4 1135.6 13.4 103.5 
Moecher EC17-2 17Dec2017-Spot 287 44 
23368 1.4 12.8851 0.9 1.9332 1.5 0.1807 1.2 0.80 1071.0 12.0 1092.6 10.3 1136.0 18.4 1136.0 18.4 94.3 
Moecher EC17-2 17Dec2017-Spot 37 511 
707114 3.5 12.8834 0.6 1.9954 1.8 0.1865 1.7 0.95 1102.5 17.5 1114.0 12.3 1136.3 11.8 1136.3 11.8 97.0 
Moecher EC17-2 17Dec2017-Spot 211 365 
760291 3.2 12.8769 0.7 2.1210 1.3 0.1982 1.0 0.82 1165.5 11.0 1155.7 8.7 1137.3 14.3 1137.3 14.3 102.5 
Moecher EC17-2 17Dec2017-Spot 63 228 
341005 1.7 12.8715 0.8 2.0668 1.4 0.1930 1.1 0.82 1137.8 11.7 1137.9 9.3 1138.1 15.3 1138.1 15.3 100.0 
Moecher EC17-2 17Dec2017-Spot 218 294 
72994 2.7 12.8649 0.6 2.0309 0.9 0.1896 0.8 0.81 1119.1 7.8 1125.9 6.4 1139.2 11.0 1139.2 11.0 98.2 
Moecher EC17-2 17Dec2017-Spot 69 450 
92451 5.1 12.8641 0.7 2.0453 1.2 0.1909 1.0 0.81 1126.3 10.2 1130.7 8.2 1139.3 13.9 1139.3 13.9 98.9 
Moecher EC17-2 17Dec2017-Spot 201 601 
402525 1.4 12.8626 0.5 2.1199 1.1 0.1978 1.0 0.90 1163.8 10.6 1155.3 7.6 1139.5 9.5 1139.5 9.5 102.1 
Moecher EC17-2 17Dec2017-Spot 300 413 
55984 4.3 12.8566 0.7 2.1577 1.2 0.2013 1.0 0.82 1182.2 10.5 1167.5 8.3 1140.4 13.7 1140.4 13.7 103.7 
Moecher EC17-2 17Dec2017-Spot 247 116 
146365 2.5 12.8546 0.7 2.1825 1.3 0.2036 1.0 0.82 1194.4 11.4 1175.5 8.9 1140.7 14.6 1140.7 14.6 104.7 
Moecher EC17-2 17Dec2017-Spot 188 122 
126348 2.6 12.8480 0.7 2.1325 1.3 0.1988 1.1 0.85 1168.8 11.8 1159.4 9.0 1141.7 13.8 1141.7 13.8 102.4 
Moecher EC17-2 17Dec2017-Spot 212 51 
38438 2.9 12.8471 0.9 2.1730 1.4 0.2026 1.1 0.76 1189.1 11.7 1172.4 9.9 1141.9 18.5 1141.9 18.5 104.1 
Moecher EC17-2 17Dec2017-Spot 254 135 
92811 3.7 12.8459 0.7 2.0470 1.2 0.1908 1.0 0.83 1125.7 10.0 1131.3 8.0 1142.1 13.1 1142.1 13.1 98.6 
Moecher EC17-2 17Dec2017-Spot 303 334 
529706 2.4 12.8386 0.7 2.1220 1.2 0.1977 1.0 0.80 1162.8 10.5 1156.0 8.5 1143.2 14.6 1143.2 14.6 101.7 
Moecher EC17-2 17Dec2017-Spot 197 337 
92513 3.4 12.8296 0.7 2.1087 1.2 0.1963 1.0 0.81 1155.4 10.7 1151.6 8.6 1144.6 14.5 1144.6 14.5 100.9 
Moecher EC17-2 17Dec2017-Spot 208 382 
148345 3.2 12.8259 0.6 2.1211 1.1 0.1974 1.0 0.86 1161.3 10.1 1155.7 7.7 1145.2 11.4 1145.2 11.4 101.4 
  
  
1
1
0
 
 
  
Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 87 43 
20641 2.1 12.8154 0.9 2.0515 1.3 0.1908 1.0 0.75 1125.5 10.2 1132.8 9.0 1146.8 17.5 1146.8 17.5 98.1 
Moecher EC17-2 17Dec2017-Spot 115 363 
186225 3.2 12.8126 0.8 2.1460 1.5 0.1995 1.3 0.85 1172.7 13.7 1163.8 10.4 1147.2 15.6 1147.2 15.6 102.2 
Moecher EC17-2 17Dec2017-Spot 179 177 
156475 2.5 12.8112 0.7 2.0186 1.1 0.1876 0.9 0.77 1108.6 8.7 1121.8 7.5 1147.4 14.0 1147.4 14.0 96.6 
Moecher EC17-2 17Dec2017-Spot 105 119 
158838 1.2 12.8074 0.7 2.1359 1.2 0.1985 1.0 0.83 1167.2 10.6 1160.5 8.3 1148.0 13.0 1148.0 13.0 101.7 
Moecher EC17-2 17Dec2017-Spot 280 80 
55920 2.8 12.8029 0.8 2.1086 1.3 0.1959 1.0 0.81 1153.1 10.9 1151.6 8.8 1148.7 15.0 1148.7 15.0 100.4 
Moecher EC17-2 17Dec2017-Spot 175 86 
73515 3.0 12.7961 0.8 2.1189 1.2 0.1967 0.9 0.75 1157.7 9.4 1155.0 8.2 1149.8 15.6 1149.8 15.6 100.7 
Moecher EC17-2 17Dec2017-Spot 233 22 
52053 1.3 12.7959 1.3 2.0727 1.6 0.1924 1.0 0.64 1134.6 10.8 1139.8 11.2 1149.8 25.0 1149.8 25.0 98.7 
Moecher EC17-2 17Dec2017-Spot 268 147 
97886 1.7 12.7954 0.7 2.1873 1.1 0.2031 0.9 0.76 1191.8 9.3 1177.0 7.8 1149.9 14.4 1149.9 14.4 103.6 
Moecher EC17-2 17Dec2017-Spot 189 343 
133119 3.5 12.7915 0.6 2.0886 1.1 0.1938 1.0 0.83 1142.2 10.0 1145.1 7.8 1150.5 12.5 1150.5 12.5 99.3 
Moecher EC17-2 17Dec2017-Spot 177 100 
101444 2.8 12.7808 0.6 2.1634 1.2 0.2006 1.0 0.83 1178.7 10.4 1169.4 8.1 1152.2 12.8 1152.2 12.8 102.3 
Moecher EC17-2 17Dec2017-Spot 95 265 
69297 2.0 12.7675 0.7 2.1482 1.3 0.1990 1.1 0.86 1170.0 11.9 1164.5 9.0 1154.2 13.1 1154.2 13.1 101.4 
Moecher EC17-2 17Dec2017-Spot 150 408 
247415 2.2 12.7627 0.6 2.1304 1.2 0.1973 1.0 0.88 1160.7 11.1 1158.7 8.3 1155.0 11.5 1155.0 11.5 100.5 
Moecher EC17-2 17Dec2017-Spot 229 511 
466569 2.7 12.7612 0.5 2.1428 1.3 0.1984 1.2 0.92 1166.8 13.1 1162.7 9.3 1155.2 10.4 1155.2 10.4 101.0 
Moecher EC17-2 17Dec2017-Spot 173 342 
253282 2.0 12.7554 0.5 2.1034 0.9 0.1947 0.7 0.80 1146.6 7.4 1149.9 6.1 1156.1 10.6 1156.1 10.6 99.2 
Moecher EC17-2 17Dec2017-Spot 166 384 
323760 2.5 12.7522 0.6 2.1355 1.0 0.1976 0.9 0.82 1162.4 9.1 1160.4 7.2 1156.6 11.8 1156.6 11.8 100.5 
Moecher EC17-2 17Dec2017-Spot 242 395 
329508 3.1 12.7488 0.7 2.1168 1.3 0.1958 1.1 0.83 1152.8 11.4 1154.3 8.9 1157.1 14.2 1157.1 14.2 99.6 
Moecher EC17-2 17Dec2017-Spot 25 231 
143915 4.8 12.7456 0.6 2.1131 1.2 0.1954 1.0 0.87 1150.7 10.9 1153.1 8.2 1157.6 11.5 1157.6 11.5 99.4 
Moecher EC17-2 17Dec2017-Spot 248 304 
2084595 2.1 12.7382 0.7 2.2303 1.2 0.2061 0.9 0.79 1208.2 10.3 1190.6 8.3 1158.8 14.6 1158.8 14.6 104.3 
Moecher EC17-2 17Dec2017-Spot 102 281 
270146 3.0 12.7338 0.7 2.0830 1.3 0.1925 1.1 0.83 1134.7 11.1 1143.2 8.8 1159.5 14.2 1159.5 14.2 97.9 
Moecher EC17-2 17Dec2017-Spot 64 278 
104231 1.3 12.7320 0.5 2.1745 1.2 0.2009 1.0 0.88 1180.1 11.1 1172.9 8.1 1159.7 10.8 1159.7 10.8 101.8 
Moecher EC17-2 17Dec2017-Spot 237 371 
1257152 5.2 12.7299 0.7 2.1180 1.3 0.1956 1.1 0.86 1151.8 11.9 1154.7 9.0 1160.1 13.1 1160.1 13.1 99.3 
Moecher EC17-2 17Dec2017-Spot 10 85 
28855 3.4 12.7179 0.9 1.8101 1.4 0.1670 1.0 0.74 995.7 9.6 1049.1 9.2 1161.9 18.6 1161.9 18.6 85.7 
Moecher EC17-2 17Dec2017-Spot 49 183 
105519 2.2 12.7175 0.8 2.1202 1.2 0.1956 0.9 0.77 1151.9 9.8 1155.4 8.3 1162.0 15.1 1162.0 15.1 99.1 
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Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 251 88 
77599 2.7 12.7169 0.9 2.1879 1.4 0.2019 1.1 0.78 1185.4 11.6 1177.2 9.6 1162.1 16.9 1162.1 16.9 102.0 
Moecher EC17-2 17Dec2017-Spot 255 51 
98303 3.7 12.7163 1.0 2.1234 1.3 0.1959 0.7 0.59 1153.4 7.9 1156.4 8.7 1162.2 20.1 1162.2 20.1 99.2 
Moecher EC17-2 17Dec2017-Spot 164 70 
22994 2.3 12.7154 1.1 2.0624 1.5 0.1903 1.1 0.70 1122.9 10.9 1136.4 10.3 1162.3 21.3 1162.3 21.3 96.6 
Moecher EC17-2 17Dec2017-Spot 11 191 
93523 2.8 12.7128 0.5 2.1176 1.0 0.1953 0.9 0.86 1150.2 9.0 1154.6 6.8 1162.7 10.0 1162.7 10.0 98.9 
Moecher EC17-2 17Dec2017-Spot 3 428 
104896 1.8 12.7093 0.7 2.1319 1.1 0.1966 0.9 0.80 1157.0 9.3 1159.2 7.6 1163.3 13.2 1163.3 13.2 99.5 
Moecher EC17-2 17Dec2017-Spot 111 725 
252165 2.4 12.7075 0.7 2.1747 1.2 0.2005 1.0 0.82 1178.1 10.9 1173.0 8.6 1163.6 14.1 1163.6 14.1 101.3 
Moecher EC17-2 17Dec2017-Spot 205 536 
155243 4.0 12.6845 0.7 2.1760 1.4 0.2003 1.2 0.88 1176.8 13.4 1173.4 9.8 1167.1 13.0 1167.1 13.0 100.8 
Moecher EC17-2 17Dec2017-Spot 130 298 
427827 2.2 12.6745 0.6 2.1807 1.1 0.2005 0.9 0.82 1178.3 9.3 1174.9 7.3 1168.7 11.9 1168.7 11.9 100.8 
Moecher EC17-2 17Dec2017-Spot 122 352 
139952 1.4 12.6589 0.6 2.1879 1.1 0.2010 0.9 0.85 1180.5 10.1 1177.2 7.6 1171.2 11.3 1171.2 11.3 100.8 
Moecher EC17-2 17Dec2017-Spot 216 221 
166129 1.1 12.6570 0.8 2.0995 1.2 0.1928 0.9 0.74 1136.6 9.5 1148.6 8.4 1171.5 16.2 1171.5 16.2 97.0 
Moecher EC17-2 17Dec2017-Spot 167 218 
201701 3.2 12.6553 0.7 2.1668 1.2 0.1990 1.0 0.82 1169.8 10.7 1170.5 8.4 1171.8 13.6 1171.8 13.6 99.8 
Moecher EC17-2 17Dec2017-Spot 160 103 
132761 2.3 12.6533 0.6 2.2031 1.6 0.2023 1.5 0.93 1187.5 16.3 1182.0 11.2 1172.1 11.4 1172.1 11.4 101.3 
Moecher EC17-2 17Dec2017-Spot 138 101 
60992 2.1 12.6413 2.5 1.9290 2.7 0.1769 1.1 0.39 1050.2 10.4 1091.2 18.1 1173.9 49.3 1173.9 49.3 89.5 
Moecher EC17-2 17Dec2017-Spot 46 260 
761782 2.3 12.6378 0.6 2.1181 1.1 0.1942 1.0 0.86 1144.2 10.3 1154.7 7.9 1174.5 11.5 1174.5 11.5 97.4 
Moecher EC17-2 17Dec2017-Spot 307 273 
242717 1.3 12.6332 0.9 2.1956 1.2 0.2013 0.8 0.68 1182.1 8.9 1179.6 8.4 1175.2 17.3 1175.2 17.3 100.6 
Moecher EC17-2 17Dec2017-Spot 124 258 
1759408 2.8 12.6271 0.7 2.1448 1.0 0.1965 0.8 0.74 1156.5 8.2 1163.4 7.2 1176.2 13.8 1176.2 13.8 98.3 
Moecher EC17-2 17Dec2017-Spot 125 154 
512470 2.3 12.6190 0.6 2.0978 1.2 0.1921 1.0 0.86 1132.6 10.4 1148.1 8.0 1177.4 11.7 1177.4 11.7 96.2 
Moecher EC17-2 17Dec2017-Spot 97 147 
45666 2.8 12.5723 0.6 2.2877 1.1 0.2087 0.9 0.81 1221.8 9.8 1208.5 7.7 1184.8 12.5 1184.8 12.5 103.1 
Moecher EC17-2 17Dec2017-Spot 151 504 
308951 3.3 12.5701 0.6 2.2003 1.3 0.2007 1.1 0.87 1179.0 11.8 1181.1 8.8 1185.1 12.3 1185.1 12.3 99.5 
Moecher EC17-2 17Dec2017-Spot 80 232 
3346921 3.7 12.5691 0.7 2.1108 1.3 0.1925 1.1 0.85 1134.9 11.5 1152.3 8.9 1185.3 13.4 1185.3 13.4 95.8 
Moecher EC17-2 17Dec2017-Spot 58 507 
2698749 2.4 12.5366 0.6 2.2234 1.2 0.2022 1.1 0.86 1187.4 11.5 1188.4 8.7 1190.4 12.3 1190.4 12.3 99.7 
Moecher EC17-2 17Dec2017-Spot 13 232 
69197 3.3 12.5324 0.7 2.2474 1.2 0.2044 0.9 0.79 1198.7 10.2 1196.0 8.3 1191.0 14.3 1191.0 14.3 100.6 
Moecher EC17-2 17Dec2017-Spot 30 336 
337440 5.3 12.5033 0.8 2.1082 1.2 0.1913 1.0 0.79 1128.2 10.1 1151.5 8.5 1195.6 14.9 1195.6 14.9 94.4 
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Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 292 595 
1737348 11.9 12.5011 0.5 2.3005 0.9 0.2087 0.8 0.85 1221.7 8.8 1212.4 6.6 1196.0 9.7 1196.0 9.7 102.2 
Moecher EC17-2 17Dec2017-Spot 133 138 
64305 4.7 12.4915 0.7 2.1644 1.4 0.1962 1.2 0.86 1154.8 12.5 1169.7 9.6 1197.5 14.1 1197.5 14.1 96.4 
Moecher EC17-2 17Dec2017-Spot 31 199 
166796 1.9 12.4781 0.7 2.2293 1.2 0.2018 1.0 0.84 1185.2 10.8 1190.3 8.4 1199.6 12.9 1199.6 12.9 98.8 
Moecher EC17-2 17Dec2017-Spot 7 264 
168973 1.4 12.4769 0.7 2.1897 1.3 0.1982 1.1 0.84 1165.8 11.3 1177.8 8.8 1199.8 13.5 1199.8 13.5 97.2 
Moecher EC17-2 17Dec2017-Spot 274 58 
65846 3.3 12.4668 1.0 2.2439 1.3 0.2030 0.8 0.61 1191.3 8.4 1194.9 9.0 1201.4 20.1 1201.4 20.1 99.2 
Moecher EC17-2 17Dec2017-Spot 158 477 
153136 2.4 12.4660 0.6 2.3102 1.1 0.2090 0.9 0.86 1223.3 10.5 1215.4 7.8 1201.5 11.1 1201.5 11.1 101.8 
Moecher EC17-2 17Dec2017-Spot 104 50 
117921 1.2 12.4284 1.0 2.3379 1.3 0.2108 0.8 0.64 1233.2 9.4 1223.9 9.3 1207.4 19.6 1207.4 19.6 102.1 
Moecher EC17-2 17Dec2017-Spot 32 911 
201234 2.0 12.4270 0.8 2.3060 1.3 0.2079 1.0 0.81 1217.8 11.5 1214.1 9.1 1207.7 14.9 1207.7 14.9 100.8 
Moecher EC17-2 17Dec2017-Spot 310 164 
31488 1.4 12.3906 0.8 2.1332 1.4 0.1918 1.1 0.81 1131.0 11.7 1159.6 9.5 1213.5 15.8 1213.5 15.8 93.2 
Moecher EC17-2 17Dec2017-Spot 121 226 
47078 3.6 12.3862 0.7 2.2340 1.3 0.2008 1.1 0.85 1179.5 11.7 1191.8 9.0 1214.1 13.5 1214.1 13.5 97.1 
Moecher EC17-2 17Dec2017-Spot 269 630 
195615 5.0 12.3506 0.6 2.3306 1.1 0.2089 0.9 0.81 1222.7 9.6 1221.7 7.6 1219.8 12.3 1219.8 12.3 100.2 
Moecher EC17-2 17Dec2017-Spot 263 173 
97034 4.3 12.3494 0.6 2.3528 1.0 0.2108 0.9 0.81 1233.2 9.6 1228.4 7.5 1220.0 12.0 1220.0 12.0 101.1 
Moecher EC17-2 17Dec2017-Spot 234 384 
134342 2.9 12.3463 0.6 2.4123 1.1 0.2161 0.9 0.85 1261.2 10.8 1246.3 8.0 1220.5 11.4 1220.5 11.4 103.3 
Moecher EC17-2 17Dec2017-Spot 109 393 
1090437 4.2 12.3448 0.6 2.4304 1.0 0.2177 0.8 0.81 1269.7 9.2 1251.6 7.1 1220.7 11.3 1220.7 11.3 104.0 
Moecher EC17-2 17Dec2017-Spot 192 129 
539663 3.2 12.3313 0.7 2.3724 1.2 0.2123 1.0 0.80 1240.9 10.8 1234.3 8.6 1222.9 14.3 1222.9 14.3 101.5 
Moecher EC17-2 17Dec2017-Spot 131 395 
133959 2.3 12.3288 0.6 2.3211 1.3 0.2076 1.2 0.88 1216.2 13.2 1218.8 9.6 1223.3 12.5 1223.3 12.5 99.4 
Moecher EC17-2 17Dec2017-Spot 75 209 
79118 1.7 12.3156 0.5 2.3351 1.2 0.2087 1.0 0.88 1221.7 11.5 1223.0 8.3 1225.4 10.8 1225.4 10.8 99.7 
Moecher EC17-2 17Dec2017-Spot 250 291 
42200 3.2 12.3077 0.5 2.3991 1.0 0.2143 0.9 0.88 1251.4 10.3 1242.3 7.4 1226.6 9.7 1226.6 9.7 102.0 
Moecher EC17-2 17Dec2017-Spot 116 231 
116229 1.4 12.2977 0.6 2.3330 1.1 0.2082 0.9 0.81 1219.1 9.6 1222.4 7.6 1228.3 12.3 1228.3 12.3 99.3 
Moecher EC17-2 17Dec2017-Spot 110 149 
85864 2.9 12.2973 0.8 2.3334 1.5 0.2082 1.3 0.85 1219.2 14.0 1222.5 10.6 1228.3 15.5 1228.3 15.5 99.3 
Moecher EC17-2 17Dec2017-Spot 134 217 
48751 3.1 12.2959 0.7 2.3668 1.2 0.2112 1.0 0.81 1235.0 10.7 1232.6 8.4 1228.5 13.6 1228.5 13.6 100.5 
Moecher EC17-2 17Dec2017-Spot 191 166 
503308 2.6 12.2633 0.7 2.3311 1.1 0.2074 0.9 0.80 1215.1 10.0 1221.8 8.0 1233.8 13.1 1233.8 13.1 98.5 
Moecher EC17-2 17Dec2017-Spot 174 115 
116291 4.3 12.2561 0.6 2.3628 1.0 0.2101 0.8 0.79 1229.5 8.8 1231.4 7.1 1234.9 12.0 1234.9 12.0 99.6 
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Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 309 263 
381979 4.1 12.2557 0.6 2.3790 1.3 0.2115 1.1 0.86 1237.1 12.3 1236.3 9.0 1235.0 12.5 1235.0 12.5 100.2 
Moecher EC17-2 17Dec2017-Spot 99 61 
27662 1.3 12.2254 0.9 2.3118 1.3 0.2051 1.0 0.74 1202.5 10.6 1215.9 9.2 1239.8 17.1 1239.8 17.1 97.0 
Moecher EC17-2 17Dec2017-Spot 149 203 
591844 2.0 12.2171 0.7 2.3369 1.2 0.2072 0.9 0.78 1213.7 10.2 1223.6 8.4 1241.1 14.6 1241.1 14.6 97.8 
Moecher EC17-2 17Dec2017-Spot 18 82 
50248 0.9 12.2090 0.9 2.3148 1.3 0.2051 0.9 0.69 1202.5 9.8 1216.8 9.2 1242.4 18.2 1242.4 18.2 96.8 
Moecher EC17-2 17Dec2017-Spot 256 123 
109463 2.4 12.1911 0.8 2.3434 1.3 0.2073 1.1 0.80 1214.4 11.7 1225.6 9.4 1245.3 15.3 1245.3 15.3 97.5 
Moecher EC17-2 17Dec2017-Spot 68 207 
68847 2.2 12.1788 0.7 2.4494 1.1 0.2164 0.9 0.79 1263.1 10.1 1257.3 8.0 1247.3 13.2 1247.3 13.2 101.3 
Moecher EC17-2 17Dec2017-Spot 72 972 
625328 3.9 12.1370 0.6 2.4157 1.1 0.2127 0.9 0.81 1243.4 9.7 1247.3 7.6 1254.0 12.3 1254.0 12.3 99.1 
Moecher EC17-2 17Dec2017-Spot 261 142 
855753 3.3 12.1248 0.9 2.1715 1.4 0.1910 1.0 0.73 1127.0 10.4 1172.0 9.6 1256.0 18.4 1256.0 18.4 89.7 
Moecher EC17-2 17Dec2017-Spot 60 136 
953204 4.5 12.1150 0.6 2.3653 1.1 0.2079 0.9 0.81 1217.8 9.9 1232.2 7.9 1257.6 12.6 1257.6 12.6 96.8 
Moecher EC17-2 17Dec2017-Spot 186 112 
36824 1.3 12.1142 1.4 1.9478 1.6 0.1712 0.9 0.54 1018.8 8.4 1097.7 11.0 1257.7 26.9 1257.7 26.9 81.0 
Moecher EC17-2 17Dec2017-Spot 128 1148 
809492 3.6 12.0829 0.6 2.5172 1.0 0.2207 0.8 0.80 1285.5 9.3 1277.0 7.3 1262.7 11.8 1262.7 11.8 101.8 
Moecher EC17-2 17Dec2017-Spot 272 147 
34915 2.7 12.0824 0.7 2.4343 1.1 0.2134 0.9 0.79 1247.0 9.7 1252.8 7.8 1262.8 12.9 1262.8 12.9 98.7 
Moecher EC17-2 17Dec2017-Spot 79 237 
112446 5.7 12.0517 0.5 2.4717 1.2 0.2161 1.0 0.90 1261.5 11.9 1263.8 8.3 1267.8 9.6 1267.8 9.6 99.5 
Moecher EC17-2 17Dec2017-Spot 170 114 
98016 2.7 12.0138 0.8 2.3639 1.3 0.2061 1.1 0.79 1207.8 11.6 1231.8 9.6 1273.9 16.1 1273.9 16.1 94.8 
Moecher EC17-2 17Dec2017-Spot 240 163 
375361 2.0 11.9572 0.7 2.5135 1.0 0.2181 0.7 0.72 1271.7 8.6 1275.9 7.5 1283.1 13.9 1283.1 13.9 99.1 
Moecher EC17-2 17Dec2017-Spot 16 89 
96028 2.1 11.9138 0.8 2.4790 1.2 0.2143 0.9 0.73 1251.7 10.0 1265.9 8.7 1290.2 16.0 1290.2 16.0 97.0 
Moecher EC17-2 17Dec2017-Spot 119 206 
512226 5.7 11.8651 0.8 2.5625 1.3 0.2206 0.9 0.74 1285.1 10.8 1290.0 9.2 1298.2 16.4 1298.2 16.4 99.0 
Moecher EC17-2 17Dec2017-Spot 200 717 
152119 2.9 11.7681 0.6 2.6702 1.3 0.2280 1.2 0.91 1324.0 14.6 1320.3 9.9 1314.1 11.1 1314.1 11.1 100.8 
Moecher EC17-2 17Dec2017-Spot 198 76 
43210 2.6 11.7486 0.8 2.7421 1.4 0.2338 1.1 0.82 1354.1 13.6 1339.9 10.1 1317.3 15.0 1317.3 15.0 102.8 
Moecher EC17-2 17Dec2017-Spot 8 550 
372210 6.8 11.7383 0.5 2.6893 1.0 0.2291 0.8 0.84 1329.5 10.1 1325.5 7.4 1319.0 10.4 1319.0 10.4 100.8 
Moecher EC17-2 17Dec2017-Spot 66 311 
233283 1.4 11.7287 0.6 2.7211 1.0 0.2316 0.8 0.80 1342.7 9.9 1334.2 7.5 1320.6 11.8 1320.6 11.8 101.7 
Moecher EC17-2 17Dec2017-Spot 203 110 
91849 3.1 11.6938 0.5 2.5975 1.1 0.2204 1.0 0.88 1283.9 11.5 1299.9 8.2 1326.4 10.2 1326.4 10.2 96.8 
Moecher EC17-2 17Dec2017-Spot 24 217 
79253 3.1 11.6800 0.7 2.5819 1.1 0.2188 0.8 0.74 1275.6 9.4 1295.5 8.1 1328.7 14.5 1328.7 14.5 96.0 
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  Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 112 347 
1449276 2.0 11.6746 0.5 2.6361 1.4 0.2233 1.3 0.93 1299.3 15.6 1310.8 10.5 1329.6 10.5 1329.6 10.5 97.7 
Moecher EC17-2 17Dec2017-Spot 246 76 
68912 2.0 11.6578 0.7 2.6427 1.5 0.2235 1.3 0.89 1300.5 15.7 1312.6 11.1 1332.4 13.5 1332.4 13.5 97.6 
Moecher EC17-2 17Dec2017-Spot 206 158 
72123 3.8 11.5451 0.9 2.6697 1.5 0.2236 1.2 0.81 1301.1 14.4 1320.1 11.1 1351.1 16.8 1351.1 16.8 96.3 
Moecher EC17-2 17Dec2017-Spot 55 386 
1074010 1.0 11.5060 0.5 2.7396 1.1 0.2287 1.0 0.90 1327.8 11.8 1339.3 8.2 1357.7 9.4 1357.7 9.4 97.8 
Moecher EC17-2 17Dec2017-Spot 293 392 
16468 2.5 11.4762 0.8 2.7720 1.2 0.2308 0.9 0.73 1338.8 10.5 1348.0 9.0 1362.7 15.9 1362.7 15.9 98.2 
Moecher EC17-2 17Dec2017-Spot 288 35 
21209 2.9 11.4412 1.1 2.8140 1.4 0.2336 0.8 0.58 1353.3 9.9 1359.3 10.4 1368.6 21.7 1368.6 21.7 98.9 
Moecher EC17-2 17Dec2017-Spot 82 501 
108850 2.7 11.4378 0.7 2.7965 1.3 0.2321 1.1 0.84 1345.4 13.7 1354.6 10.0 1369.1 13.9 1369.1 13.9 98.3 
Moecher EC17-2 17Dec2017-Spot 27 811 
532770 5.0 11.4230 0.6 2.8516 1.1 0.2364 0.9 0.84 1367.7 11.1 1369.2 8.0 1371.6 11.2 1371.6 11.2 99.7 
Moecher EC17-2 17Dec2017-Spot 253 150 
39043 2.8 11.3960 0.8 2.6820 1.4 0.2218 1.1 0.81 1291.2 13.0 1323.5 10.2 1376.2 15.7 1376.2 15.7 93.8 
Moecher EC17-2 17Dec2017-Spot 243 76 
58970 2.7 11.2399 0.9 2.9995 1.8 0.2446 1.5 0.87 1410.7 19.4 1407.5 13.5 1402.6 17.0 1402.6 17.0 100.6 
Moecher EC17-2 17Dec2017-Spot 141 250 
505542 4.5 11.1849 0.7 2.9824 1.3 0.2420 1.1 0.85 1397.3 14.3 1403.1 10.1 1412.0 13.3 1412.0 13.3 99.0 
Moecher EC17-2 17Dec2017-Spot 51 80 
94712 3.0 11.1739 0.9 3.0829 1.2 0.2499 0.9 0.72 1438.2 11.5 1428.4 9.5 1413.9 16.6 1413.9 16.6 101.7 
Moecher EC17-2 17Dec2017-Spot 199 144 
61206 3.3 11.0935 0.6 3.2198 1.1 0.2592 0.9 0.82 1485.6 11.5 1461.9 8.2 1427.7 11.5 1427.7 11.5 104.1 
Moecher EC17-2 17Dec2017-Spot 230 575 
201160 2.9 11.0793 0.6 3.0776 1.2 0.2474 1.0 0.87 1425.1 13.3 1427.1 9.1 1430.1 11.2 1430.1 11.2 99.6 
Moecher EC17-2 17Dec2017-Spot 78 188 
102016 2.5 11.0586 0.6 3.1700 1.0 0.2544 0.8 0.80 1460.9 10.3 1449.9 7.6 1433.7 11.4 1433.7 11.4 101.9 
Moecher EC17-2 17Dec2017-Spot 163 422 
302676 1.7 11.0074 0.5 3.1139 1.2 0.2487 1.1 0.89 1431.8 13.7 1436.1 9.2 1442.6 10.5 1442.6 10.5 99.3 
Moecher EC17-2 17Dec2017-Spot 282 254 
865270 2.0 10.9880 0.6 3.1203 0.9 0.2488 0.7 0.73 1432.1 8.9 1437.7 7.3 1445.9 12.3 1445.9 12.3 99.0 
Moecher EC17-2 17Dec2017-Spot 117 178 
108578 1.7 10.9497 0.6 3.1332 1.1 0.2489 0.9 0.81 1433.0 10.9 1440.9 8.1 1452.6 11.8 1452.6 11.8 98.6 
Moecher EC17-2 17Dec2017-Spot 257 231 
434323 2.9 10.9452 0.6 3.3201 0.9 0.2637 0.7 0.79 1508.6 10.0 1485.8 7.3 1453.4 11.0 1453.4 11.0 103.8 
Moecher EC17-2 17Dec2017-Spot 17 97 
131647 1.5 10.9100 0.8 3.1801 1.3 0.2517 1.0 0.79 1447.5 13.2 1452.3 9.9 1459.5 15.0 1459.5 15.0 99.2 
Moecher EC17-2 17Dec2017-Spot 252 112 
88120 2.1 10.8358 0.6 3.2039 1.1 0.2519 0.9 0.83 1448.2 11.7 1458.1 8.4 1472.5 11.5 1472.5 11.5 98.4 
Moecher EC17-2 17Dec2017-Spot 92 406 
233584 3.3 10.8077 0.6 3.4066 1.2 0.2671 1.0 0.86 1526.3 14.2 1505.9 9.5 1477.4 11.8 1477.4 11.8 103.3 
Moecher EC17-2 17Dec2017-Spot 67 241 
89589 1.4 10.7808 0.7 3.2572 1.2 0.2548 1.0 0.82 1463.1 13.1 1470.9 9.5 1482.1 13.2 1482.1 13.2 98.7 
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Appendix A: EC17-2 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-2 17Dec2017-Spot 271 316 
691922 3.9 10.7576 0.7 3.3340 1.3 0.2602 1.0 0.82 1491.1 13.8 1489.1 9.8 1486.2 13.5 1486.2 13.5 100.3 
Moecher EC17-2 17Dec2017-Spot 146 388 
1788397 2.6 10.6415 0.6 3.3870 1.0 0.2615 0.8 0.81 1497.6 10.9 1501.4 7.9 1506.7 11.1 1506.7 11.1 99.4 
Moecher EC17-2 17Dec2017-Spot 187 237 
383149 1.5 10.0506 0.5 4.0317 1.0 0.2940 0.9 0.87 1661.6 12.5 1640.6 8.0 1613.9 9.1 1613.9 9.1 103.0 
Moecher EC17-2 17Dec2017-Spot 224 212 
101330 2.6 9.5481 0.5 4.4500 1.0 0.3083 0.9 0.85 1732.3 13.4 1721.7 8.6 1708.8 10.1 1708.8 10.1 101.4 
Moecher EC17-2 17Dec2017-Spot 278 78 
116439 0.8 8.7339 0.6 5.2969 1.2 0.3357 1.0 0.85 1865.8 16.5 1868.4 10.2 1871.2 11.4 1871.2 11.4 99.7 
Moecher EC17-2 17Dec2017-Spot 315 209 
112198 1.1 7.3339 0.6 7.5764 1.2 0.4032 1.0 0.86 2183.6 18.4 2182.1 10.4 2180.6 10.5 2180.6 10.5 100.1 
Moecher EC17-2 17Dec2017-Spot 289 23 
12167 1.2 6.1394 0.6 10.5866 1.3 0.4716 1.1 0.87 2490.6 23.0 2487.5 11.9 2485.1 10.7 2485.1 10.7 100.2 
Moecher EC17-2 17Dec2017-Spot 295 144 
146216 1.4 5.5207 0.6 12.8328 1.1 0.5141 0.9 0.84 2673.9 20.1 2667.5 10.3 2662.6 9.8 2662.6 9.8 100.4 
Moecher EC17-2 17Dec2017-Spot 207 83 
181139 2.4 5.4910 0.6 13.2286 0.9 0.5270 0.6 0.70 2729.0 13.5 2696.1 8.2 2671.5 10.2 2671.5 10.2 102.2 
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Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 211 1843 
340719 17.3 18.4304 0.7 0.4315 1.2 0.0577 0.9 0.80 361.7 3.3 364.3 3.6 380.8 16.1 361.7 3.3 NA 
Moecher EC17-3 17Dec2017-Spot 230 284 
789739 2.5 18.0184 0.9 0.4757 1.4 0.0622 1.1 0.77 388.9 4.1 395.1 4.6 431.4 19.9 388.9 4.1 NA 
Moecher EC17-3 17Dec2017-Spot 264 79 
62290 1.5 17.2676 1.2 0.5573 1.5 0.0698 0.9 0.60 435.1 3.8 449.8 5.5 525.5 26.5 435.1 3.8 82.8 
Moecher EC17-3 17Dec2017-Spot 179 588 
901249 2.0 17.6957 0.9 0.5717 1.2 0.0734 0.8 0.65 456.6 3.4 459.1 4.4 471.5 19.8 456.6 3.4 96.8 
Moecher EC17-3 17Dec2017-Spot 224 47 
701455 8.8 16.2351 1.1 0.8788 1.4 0.1035 0.8 0.61 635.0 5.1 640.3 6.6 659.1 23.6 635.0 5.1 96.3 
Moecher EC17-3 17Dec2017-Spot 281 103 
194938 3.4 14.4892 0.9 1.4463 1.3 0.1521 0.9 0.70 912.5 7.7 908.3 7.7 898.3 18.7 898.3 18.7 101.6 
Moecher EC17-3 17Dec2017-Spot 64 246 
109844 3.2 14.3814 0.6 1.4202 1.2 0.1482 1.0 0.88 890.8 8.7 897.4 7.1 913.8 11.8 913.8 11.8 97.5 
Moecher EC17-3 17Dec2017-Spot 48 66 
45618 1.9 14.2747 0.9 1.4798 1.3 0.1533 0.9 0.69 919.3 7.7 922.1 7.8 929.0 19.1 929.0 19.1 98.9 
Moecher EC17-3 17Dec2017-Spot 153 85 
85571 1.1 14.0115 1.0 1.5871 1.4 0.1613 0.9 0.67 964.3 8.5 965.1 8.7 967.2 21.2 967.2 21.2 99.7 
Moecher EC17-3 17Dec2017-Spot 34 196 
118864 3.2 13.9598 0.8 1.6226 1.2 0.1644 0.9 0.76 980.9 8.4 979.0 7.6 974.7 16.1 974.7 16.1 100.6 
Moecher EC17-3 17Dec2017-Spot 303 87 
37044 2.9 13.9549 0.9 1.4975 1.4 0.1516 1.1 0.78 910.1 9.3 929.4 8.5 975.4 17.8 975.4 17.8 93.3 
Moecher EC17-3 17Dec2017-Spot 167 57 
33228 1.0 13.9218 1.0 1.6950 1.4 0.1712 1.0 0.68 1018.8 9.0 1006.7 9.0 980.3 20.9 980.3 20.9 103.9 
Moecher EC17-3 17Dec2017-Spot 191 1236 
366040 4.2 13.8810 0.6 1.6860 1.0 0.1698 0.8 0.80 1011.1 7.8 1003.3 6.6 986.2 12.6 986.2 12.6 102.5 
Moecher EC17-3 17Dec2017-Spot 186 19 
32543 2.4 13.8506 1.5 1.4980 1.9 0.1505 1.2 0.64 904.0 10.3 929.6 11.6 990.7 29.6 990.7 29.6 91.3 
Moecher EC17-3 17Dec2017-Spot 76 235 
932997 1.5 13.8400 0.6 1.6114 1.2 0.1618 1.0 0.86 966.9 9.1 974.6 7.4 992.2 12.1 992.2 12.1 97.4 
Moecher EC17-3 17Dec2017-Spot 152 89 
23855 2.6 13.8376 0.8 1.5963 1.4 0.1603 1.1 0.80 958.3 9.9 968.7 8.6 992.6 16.6 992.6 16.6 96.5 
Moecher EC17-3 17Dec2017-Spot 132 409 
169378 12.5 13.8020 0.7 1.7040 1.1 0.1706 0.9 0.81 1015.7 8.4 1010.0 7.1 997.8 13.2 997.8 13.2 101.8 
Moecher EC17-3 17Dec2017-Spot 13 108 
54114 1.9 13.7746 0.8 1.7175 1.3 0.1717 1.0 0.78 1021.3 9.7 1015.1 8.5 1001.8 16.7 1001.8 16.7 101.9 
Moecher EC17-3 17Dec2017-Spot 289 120 
101005 2.8 13.7557 0.7 1.7077 1.3 0.1704 1.0 0.82 1014.6 9.6 1011.4 8.0 1004.6 14.7 1004.6 14.7 101.0 
Moecher EC17-3 17Dec2017-Spot 198 48 
15084 1.2 13.7190 1.2 1.7176 1.6 0.1710 1.1 0.67 1017.5 10.1 1015.1 10.3 1010.0 24.2 1010.0 24.2 100.7 
Moecher EC17-3 17Dec2017-Spot 26 224 
39436 1.8 13.7168 0.7 1.7077 1.4 0.1700 1.2 0.84 1011.9 10.9 1011.4 8.8 1010.4 15.0 1010.4 15.0 100.2 
Moecher EC17-3 17Dec2017-Spot 57 690 
252778 3.6 13.6982 0.7 1.7386 1.1 0.1728 0.9 0.79 1027.5 8.6 1022.9 7.4 1013.1 14.2 1013.1 14.2 101.4 
Moecher EC17-3 17Dec2017-Spot 63 59 
27932 1.5 13.6936 0.9 1.7041 1.2 0.1693 0.8 0.66 1008.3 7.5 1010.1 7.8 1013.8 18.7 1013.8 18.7 99.5 
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  Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 106 37 
11038 2.2 13.6851 1.4 1.6825 1.6 0.1671 0.9 0.57 995.9 8.7 1001.9 10.5 1015.1 27.4 1015.1 27.4 98.1 
Moecher EC17-3 17Dec2017-Spot 29 71 
17109 2.2 13.6670 0.8 1.7454 1.3 0.1731 1.1 0.80 1029.1 10.0 1025.5 8.5 1017.7 15.9 1017.7 15.9 101.1 
Moecher EC17-3 17Dec2017-Spot 288 111 
339460 1.3 13.6648 0.8 1.7347 1.1 0.1720 0.8 0.71 1023.1 7.4 1021.5 7.1 1018.1 15.6 1018.1 15.6 100.5 
Moecher EC17-3 17Dec2017-Spot 235 111 
30892 2.3 13.6591 0.9 1.7509 1.5 0.1735 1.1 0.79 1031.5 10.9 1027.5 9.4 1018.9 18.1 1018.9 18.1 101.2 
Moecher EC17-3 17Dec2017-Spot 207 35 
68900 1.4 13.6587 1.1 1.7233 1.5 0.1708 1.0 0.69 1016.5 9.7 1017.3 9.6 1019.0 21.7 1019.0 21.7 99.8 
Moecher EC17-3 17Dec2017-Spot 282 135 
49828 1.6 13.6474 0.7 1.7705 1.0 0.1753 0.8 0.73 1041.4 7.2 1034.7 6.7 1020.6 14.1 1020.6 14.1 102.0 
Moecher EC17-3 17Dec2017-Spot 35 125 
85136 4.0 13.6338 0.7 1.7323 1.2 0.1714 1.0 0.82 1019.6 9.2 1020.6 7.6 1022.7 13.6 1022.7 13.6 99.7 
Moecher EC17-3 17Dec2017-Spot 160 150 
123399 3.6 13.6334 0.6 1.7785 1.2 0.1759 1.0 0.84 1044.7 9.3 1037.6 7.5 1022.7 12.8 1022.7 12.8 102.2 
Moecher EC17-3 17Dec2017-Spot 73 1051 
5217212 3.6 13.6303 0.6 1.7975 1.1 0.1778 0.9 0.85 1054.8 9.0 1044.6 7.1 1023.2 11.6 1023.2 11.6 103.1 
Moecher EC17-3 17Dec2017-Spot 157 248 
8429071 5.0 13.6292 0.7 1.7810 1.1 0.1761 0.9 0.80 1045.8 8.6 1038.6 7.2 1023.3 13.5 1023.3 13.5 102.2 
Moecher EC17-3 17Dec2017-Spot 210 543 
618168 7.2 13.6177 0.8 1.6928 1.3 0.1673 1.0 0.80 997.0 9.4 1005.8 8.1 1025.1 15.4 1025.1 15.4 97.3 
Moecher EC17-3 17Dec2017-Spot 290 333 
116518 3.4 13.6142 0.6 1.7362 1.0 0.1715 0.9 0.83 1020.4 8.1 1022.0 6.6 1025.6 11.7 1025.6 11.7 99.5 
Moecher EC17-3 17Dec2017-Spot 208 328 
72757 2.4 13.6093 0.6 1.7832 1.3 0.1761 1.1 0.86 1045.5 10.5 1039.3 8.2 1026.3 13.1 1026.3 13.1 101.9 
Moecher EC17-3 17Dec2017-Spot 309 417 
116191 5.7 13.6034 0.6 1.7427 1.2 0.1720 1.0 0.87 1023.2 9.9 1024.5 7.8 1027.2 12.2 1027.2 12.2 99.6 
Moecher EC17-3 17Dec2017-Spot 128 312 
108266 2.3 13.6023 0.6 1.7555 1.3 0.1733 1.2 0.91 1030.1 11.4 1029.2 8.6 1027.3 11.3 1027.3 11.3 100.3 
Moecher EC17-3 17Dec2017-Spot 72 59 
68873 2.2 13.6011 0.9 1.7481 1.5 0.1725 1.3 0.82 1025.9 11.9 1026.5 9.9 1027.5 18.0 1027.5 18.0 99.8 
Moecher EC17-3 17Dec2017-Spot 148 725 
150613 7.0 13.5903 0.7 1.8012 1.3 0.1776 1.0 0.84 1054.0 10.2 1045.9 8.2 1029.1 13.9 1029.1 13.9 102.4 
Moecher EC17-3 17Dec2017-Spot 17 169 
39716 2.4 13.5896 0.7 1.7213 1.0 0.1697 0.7 0.72 1010.6 6.8 1016.5 6.6 1029.2 14.5 1029.2 14.5 98.2 
Moecher EC17-3 17Dec2017-Spot 209 67 
91580 3.1 13.5895 0.9 1.7451 1.4 0.1721 1.0 0.74 1023.5 9.6 1025.4 8.9 1029.2 18.8 1029.2 18.8 99.4 
Moecher EC17-3 17Dec2017-Spot 147 351 
293087 5.5 13.5887 0.6 1.7376 1.1 0.1713 0.9 0.82 1019.4 8.2 1022.6 6.8 1029.4 12.1 1029.4 12.1 99.0 
Moecher EC17-3 17Dec2017-Spot 296 364 
140389 2.8 13.5881 0.6 1.7402 1.2 0.1716 1.0 0.88 1020.7 9.9 1023.5 7.6 1029.4 11.2 1029.4 11.2 99.2 
Moecher EC17-3 17Dec2017-Spot 68 96 
108240 1.8 13.5852 0.8 1.6858 1.4 0.1662 1.2 0.83 991.0 10.6 1003.2 8.8 1029.9 15.5 1029.9 15.5 96.2 
Moecher EC17-3 17Dec2017-Spot 219 537 
406200 10.4 13.5768 0.6 1.7373 1.4 0.1711 1.3 0.92 1018.4 12.1 1022.4 9.1 1031.1 11.4 1031.1 11.4 98.8 
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Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 91 1086 
392713 2.9 13.5748 0.6 1.7681 1.0 0.1742 0.8 0.79 1034.9 7.8 1033.8 6.7 1031.4 12.9 1031.4 12.9 100.3 
Moecher EC17-3 17Dec2017-Spot 66 228 
59926 1.6 13.5673 0.6 1.6751 1.1 0.1649 0.9 0.84 983.9 8.5 999.1 7.1 1032.5 12.3 1032.5 12.3 95.3 
Moecher EC17-3 17Dec2017-Spot 305 589 
180722 5.8 13.5653 0.7 1.7670 1.3 0.1739 1.1 0.85 1033.7 10.3 1033.4 8.3 1032.8 13.7 1032.8 13.7 100.1 
Moecher EC17-3 17Dec2017-Spot 251 61 
265802 2.2 13.5617 0.8 1.7743 1.4 0.1746 1.1 0.80 1037.4 10.5 1036.1 9.0 1033.4 16.9 1033.4 16.9 100.4 
Moecher EC17-3 17Dec2017-Spot 9 88 
253952 1.2 13.5610 0.8 1.6485 1.2 0.1622 0.8 0.70 969.0 7.5 989.0 7.5 1033.5 17.1 1033.5 17.1 93.8 
Moecher EC17-3 17Dec2017-Spot 93 1108 
505202 3.0 13.5605 0.8 1.8099 1.3 0.1781 1.1 0.81 1056.5 10.7 1049.0 8.8 1033.6 15.9 1033.6 15.9 102.2 
Moecher EC17-3 17Dec2017-Spot 195 100 
98750 1.4 13.5560 0.8 1.7546 1.4 0.1726 1.1 0.80 1026.3 10.6 1028.8 9.0 1034.2 16.8 1034.2 16.8 99.2 
Moecher EC17-3 17Dec2017-Spot 242 78 
21044 2.3 13.5557 0.7 1.7761 1.2 0.1747 1.0 0.81 1037.9 9.4 1036.7 7.9 1034.3 14.6 1034.3 14.6 100.4 
Moecher EC17-3 17Dec2017-Spot 292 182 
1847999 3.8 13.5538 0.7 1.7413 1.1 0.1712 0.9 0.80 1019.0 8.6 1024.0 7.3 1034.6 13.8 1034.6 13.8 98.5 
Moecher EC17-3 17Dec2017-Spot 83 172 
84031 3.1 13.5472 0.8 1.7644 1.1 0.1734 0.8 0.73 1031.0 7.7 1032.5 7.2 1035.5 15.5 1035.5 15.5 99.6 
Moecher EC17-3 17Dec2017-Spot 19 67 
47965 4.8 13.5469 0.7 1.7248 1.2 0.1695 1.0 0.80 1009.6 8.9 1017.8 7.7 1035.6 14.6 1035.6 14.6 97.5 
Moecher EC17-3 17Dec2017-Spot 275 46 
43797 2.8 13.5454 1.0 1.7879 1.5 0.1757 1.1 0.74 1043.6 10.5 1041.1 9.5 1035.8 19.8 1035.8 19.8 100.7 
Moecher EC17-3 17Dec2017-Spot 81 175 
86224 2.4 13.5374 0.7 1.7130 1.1 0.1683 0.8 0.77 1002.5 7.5 1013.4 6.8 1037.0 13.8 1037.0 13.8 96.7 
Moecher EC17-3 17Dec2017-Spot 39 558 
339978 3.3 13.5369 0.6 1.7381 1.3 0.1707 1.1 0.89 1016.1 10.7 1022.8 8.3 1037.1 11.8 1037.1 11.8 98.0 
Moecher EC17-3 17Dec2017-Spot 96 166 
187004 2.8 13.5303 0.7 1.7416 1.2 0.1710 1.0 0.80 1017.5 9.1 1024.1 7.7 1038.1 14.4 1038.1 14.4 98.0 
Moecher EC17-3 17Dec2017-Spot 5 646 
1023926 4.6 13.5269 0.5 1.7901 1.0 0.1757 0.8 0.84 1043.4 8.2 1041.9 6.6 1038.6 11.0 1038.6 11.0 100.5 
Moecher EC17-3 17Dec2017-Spot 7 56 
43956 1.8 13.5222 0.9 1.7139 1.2 0.1682 0.8 0.66 1001.9 7.4 1013.7 7.6 1039.3 18.0 1039.3 18.0 96.4 
Moecher EC17-3 17Dec2017-Spot 222 287 
250655 2.3 13.5219 0.6 1.8159 1.1 0.1782 0.9 0.84 1056.9 8.8 1051.2 7.1 1039.3 11.8 1039.3 11.8 101.7 
Moecher EC17-3 17Dec2017-Spot 299 181 
91753 2.7 13.5073 0.8 1.7955 1.2 0.1760 0.9 0.77 1044.9 8.9 1043.8 7.8 1041.5 15.4 1041.5 15.4 100.3 
Moecher EC17-3 17Dec2017-Spot 245 282 
141454 2.0 13.5044 0.7 1.7979 1.3 0.1762 1.1 0.82 1046.0 10.2 1044.7 8.3 1041.9 14.6 1041.9 14.6 100.4 
Moecher EC17-3 17Dec2017-Spot 196 97 
74755 2.9 13.4988 0.8 1.8035 1.2 0.1766 0.9 0.77 1048.6 9.0 1046.7 7.9 1042.8 15.7 1042.8 15.7 100.6 
Moecher EC17-3 17Dec2017-Spot 214 59 
1458664 1.9 13.4969 0.9 1.7851 1.3 0.1748 0.9 0.74 1038.6 9.0 1040.0 8.2 1043.1 17.3 1043.1 17.3 99.6 
Moecher EC17-3 17Dec2017-Spot 250 97 
80001 2.7 13.4957 0.8 1.6941 1.1 0.1659 0.8 0.70 989.4 7.4 1006.3 7.3 1043.3 16.5 1043.3 16.5 94.8 
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  Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 113 34 
24565 2.0 13.4924 1.0 1.7761 1.5 0.1739 1.1 0.73 1033.4 10.4 1036.8 9.7 1043.8 20.5 1043.8 20.5 99.0 
Moecher EC17-3 17Dec2017-Spot 278 305 
323207 3.7 13.4869 0.7 1.7848 1.2 0.1747 1.0 0.82 1037.7 9.3 1039.9 7.7 1044.6 13.5 1044.6 13.5 99.3 
Moecher EC17-3 17Dec2017-Spot 23 111 
108428 2.5 13.4857 0.7 1.7495 1.2 0.1712 0.9 0.78 1018.7 8.5 1027.0 7.5 1044.8 14.5 1044.8 14.5 97.5 
Moecher EC17-3 17Dec2017-Spot 189 280 
95491 2.1 13.4845 0.7 1.7643 1.1 0.1726 0.9 0.80 1026.5 8.5 1032.4 7.3 1044.9 13.7 1044.9 13.7 98.2 
Moecher EC17-3 17Dec2017-Spot 139 222 
68562 3.7 13.4838 0.7 1.7508 1.2 0.1713 1.0 0.84 1019.2 9.5 1027.4 7.8 1045.0 13.2 1045.0 13.2 97.5 
Moecher EC17-3 17Dec2017-Spot 137 350 
103992 3.3 13.4801 0.8 1.7696 1.4 0.1731 1.1 0.83 1029.1 10.8 1034.4 8.9 1045.6 15.4 1045.6 15.4 98.4 
Moecher EC17-3 17Dec2017-Spot 146 127 
218917 2.8 13.4708 0.6 1.7458 1.1 0.1706 0.9 0.85 1015.6 8.7 1025.6 7.1 1047.0 11.9 1047.0 11.9 97.0 
Moecher EC17-3 17Dec2017-Spot 276 161 
207676 2.4 13.4702 0.8 1.7967 1.1 0.1756 0.9 0.75 1042.9 8.3 1044.3 7.5 1047.1 15.2 1047.1 15.2 99.6 
Moecher EC17-3 17Dec2017-Spot 16 70 
59752 1.4 13.4617 0.9 1.7968 1.3 0.1755 0.9 0.72 1042.4 8.8 1044.3 8.4 1048.4 18.1 1048.4 18.1 99.4 
Moecher EC17-3 17Dec2017-Spot 223 130 
304413 3.7 13.4608 0.9 1.7553 1.2 0.1714 0.9 0.69 1020.1 8.0 1029.1 7.9 1048.5 17.8 1048.5 17.8 97.3 
Moecher EC17-3 17Dec2017-Spot 166 44 
9320 3.8 13.4588 1.1 1.7848 1.5 0.1743 1.0 0.66 1035.7 9.5 1039.9 9.8 1048.8 22.7 1048.8 22.7 98.8 
Moecher EC17-3 17Dec2017-Spot 159 201 
215895 2.6 13.4587 0.8 1.8383 1.3 0.1795 1.0 0.81 1064.3 10.1 1059.2 8.4 1048.8 15.2 1048.8 15.2 101.5 
Moecher EC17-3 17Dec2017-Spot 15 96 
35006 1.0 13.4544 0.8 1.7932 1.1 0.1751 0.8 0.73 1039.9 8.0 1043.0 7.5 1049.5 15.9 1049.5 15.9 99.1 
Moecher EC17-3 17Dec2017-Spot 225 241 
132853 1.2 13.4508 0.6 1.8975 1.1 0.1852 0.9 0.85 1095.3 9.3 1080.2 7.2 1050.0 11.6 1050.0 11.6 104.3 
Moecher EC17-3 17Dec2017-Spot 241 134 
709648 2.4 13.4444 0.6 1.8575 1.4 0.1812 1.2 0.89 1073.5 12.0 1066.1 9.0 1050.9 12.8 1050.9 12.8 102.2 
Moecher EC17-3 17Dec2017-Spot 218 99 
125358 2.3 13.4410 1.0 1.7823 1.4 0.1738 1.0 0.72 1033.1 9.6 1039.0 9.1 1051.5 19.7 1051.5 19.7 98.3 
Moecher EC17-3 17Dec2017-Spot 40 53 
61197 2.2 13.4405 1.3 1.7968 2.1 0.1752 1.6 0.79 1040.8 15.7 1044.3 13.4 1051.5 25.4 1051.5 25.4 99.0 
Moecher EC17-3 17Dec2017-Spot 269 247 
229488 2.7 13.4336 0.9 1.8822 1.3 0.1835 1.0 0.72 1085.9 9.6 1074.8 8.8 1052.6 18.7 1052.6 18.7 103.2 
Moecher EC17-3 17Dec2017-Spot 111 113 
47797 2.2 13.4320 0.7 1.7640 1.2 0.1719 1.0 0.84 1022.7 9.6 1032.3 7.9 1052.8 13.4 1052.8 13.4 97.1 
Moecher EC17-3 17Dec2017-Spot 192 108 
99869 2.0 13.4263 0.7 1.8282 1.1 0.1781 0.9 0.76 1056.6 8.4 1055.7 7.4 1053.7 14.7 1053.7 14.7 100.3 
Moecher EC17-3 17Dec2017-Spot 234 36 
13446 1.8 13.4233 1.1 1.8793 1.5 0.1830 1.1 0.71 1083.6 10.5 1073.8 9.9 1054.1 21.4 1054.1 21.4 102.8 
Moecher EC17-3 17Dec2017-Spot 262 130 
70984 2.8 13.4221 0.7 1.8263 1.1 0.1779 0.8 0.73 1055.3 7.7 1055.0 7.1 1054.3 15.0 1054.3 15.0 100.1 
Moecher EC17-3 17Dec2017-Spot 58 131 
98066 2.3 13.4213 0.8 1.7618 1.2 0.1716 0.9 0.76 1020.8 8.4 1031.5 7.6 1054.4 15.5 1054.4 15.5 96.8 
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Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 298 1067 
340918 23.9 13.4158 0.8 1.8512 1.4 0.1802 1.2 0.84 1068.1 11.4 1063.9 9.2 1055.2 15.3 1055.2 15.3 101.2 
Moecher EC17-3 17Dec2017-Spot 122 121 
31849 1.3 13.4096 1.0 1.8565 1.3 0.1806 0.9 0.67 1070.4 8.5 1065.7 8.5 1056.2 19.2 1056.2 19.2 101.4 
Moecher EC17-3 17Dec2017-Spot 310 827 
503021 4.1 13.4027 0.6 1.8629 0.9 0.1812 0.7 0.76 1073.3 6.8 1068.0 6.0 1057.2 11.8 1057.2 11.8 101.5 
Moecher EC17-3 17Dec2017-Spot 177 231 
133476 4.5 13.3992 0.7 1.8323 1.2 0.1781 0.9 0.80 1056.8 9.1 1057.1 7.7 1057.7 14.2 1057.7 14.2 99.9 
Moecher EC17-3 17Dec2017-Spot 171 805 
99947 1.0 13.3969 0.6 1.8569 1.3 0.1805 1.1 0.89 1069.7 11.1 1065.9 8.4 1058.1 11.9 1058.1 11.9 101.1 
Moecher EC17-3 17Dec2017-Spot 256 364 
324132 3.0 13.3939 0.6 1.8768 1.2 0.1824 1.0 0.88 1080.0 10.2 1072.9 7.7 1058.5 11.1 1058.5 11.1 102.0 
Moecher EC17-3 17Dec2017-Spot 70 156 
42558 2.8 13.3938 0.8 1.8490 1.2 0.1797 0.9 0.76 1065.3 8.6 1063.1 7.6 1058.5 15.2 1058.5 15.2 100.6 
Moecher EC17-3 17Dec2017-Spot 302 111 
131305 2.2 13.3924 0.7 1.8190 1.1 0.1768 0.8 0.77 1049.2 8.1 1052.3 7.1 1058.7 13.9 1058.7 13.9 99.1 
Moecher EC17-3 17Dec2017-Spot 287 406 
691903 2.8 13.3909 0.7 1.8151 1.3 0.1764 1.1 0.87 1047.1 11.1 1050.9 8.6 1059.0 13.1 1059.0 13.1 98.9 
Moecher EC17-3 17Dec2017-Spot 297 65 
23384 1.4 13.3895 0.8 1.8704 1.2 0.1817 0.9 0.75 1076.3 9.1 1070.7 8.1 1059.2 16.4 1059.2 16.4 101.6 
Moecher EC17-3 17Dec2017-Spot 69 383 
152759 1.6 13.3799 0.5 1.8177 1.1 0.1765 1.0 0.89 1047.6 9.3 1051.8 7.1 1060.6 10.0 1060.6 10.0 98.8 
Moecher EC17-3 17Dec2017-Spot 301 334 
111871 2.7 13.3791 0.8 1.8653 1.2 0.1811 0.9 0.76 1072.8 8.8 1068.9 7.7 1060.8 15.2 1060.8 15.2 101.1 
Moecher EC17-3 17Dec2017-Spot 155 97 
38090 2.5 13.3787 0.8 1.8259 1.3 0.1772 1.1 0.81 1051.9 10.3 1054.8 8.6 1060.8 15.6 1060.8 15.6 99.2 
Moecher EC17-3 17Dec2017-Spot 253 208 
247606 2.7 13.3767 0.7 1.7996 1.1 0.1747 0.9 0.80 1037.8 8.4 1045.3 7.1 1061.1 13.2 1061.1 13.2 97.8 
Moecher EC17-3 17Dec2017-Spot 38 522 
5876855 3.4 13.3747 0.6 1.8569 1.3 0.1802 1.2 0.90 1068.1 11.3 1065.9 8.5 1061.4 11.5 1061.4 11.5 100.6 
Moecher EC17-3 17Dec2017-Spot 258 89 
35818 1.5 13.3721 0.8 1.8208 1.1 0.1767 0.8 0.73 1048.7 8.1 1053.0 7.5 1061.8 15.7 1061.8 15.7 98.8 
Moecher EC17-3 17Dec2017-Spot 180 78 
93204 2.5 13.3618 1.0 1.5602 1.3 0.1513 0.8 0.64 908.1 6.9 954.6 7.8 1063.4 19.6 1063.4 19.6 85.4 
Moecher EC17-3 17Dec2017-Spot 229 131 
46076 0.6 13.3570 0.9 1.8598 1.4 0.1802 1.0 0.77 1068.3 10.3 1066.9 9.0 1064.1 17.6 1064.1 17.6 100.4 
Moecher EC17-3 17Dec2017-Spot 138 35 
26848 1.2 13.3498 1.0 1.8910 1.4 0.1832 1.0 0.71 1084.3 10.2 1077.9 9.6 1065.2 20.6 1065.2 20.6 101.8 
Moecher EC17-3 17Dec2017-Spot 86 658 
389937 1.8 13.3457 0.5 1.8070 1.3 0.1750 1.2 0.93 1039.5 11.4 1048.0 8.3 1065.8 9.5 1065.8 9.5 97.5 
Moecher EC17-3 17Dec2017-Spot 183 252 
123286 2.2 13.3386 0.8 1.8300 1.5 0.1771 1.3 0.85 1051.2 12.7 1056.3 10.1 1066.9 16.2 1066.9 16.2 98.5 
Moecher EC17-3 17Dec2017-Spot 307 54 
715461 2.5 13.3346 1.1 1.7612 1.5 0.1704 0.9 0.64 1014.3 8.9 1031.3 9.6 1067.5 23.1 1067.5 23.1 95.0 
Moecher EC17-3 17Dec2017-Spot 294 64 
375409 1.0 13.3341 0.9 1.8609 1.4 0.1800 1.0 0.74 1067.2 10.1 1067.3 9.2 1067.5 18.9 1067.5 18.9 100.0 
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Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 92 68 
27343 1.3 13.3220 0.9 1.8743 1.2 0.1812 0.9 0.69 1073.4 8.5 1072.0 8.2 1069.4 18.0 1069.4 18.0 100.4 
Moecher EC17-3 17Dec2017-Spot 312 413 
250745 5.9 13.3193 0.7 1.9515 1.2 0.1886 0.9 0.80 1113.8 9.5 1099.0 7.8 1069.8 14.0 1069.8 14.0 104.1 
Moecher EC17-3 17Dec2017-Spot 88 373 
116095 2.3 13.3173 0.5 1.8743 1.0 0.1811 0.8 0.83 1073.0 7.9 1072.0 6.4 1070.1 10.7 1070.1 10.7 100.3 
Moecher EC17-3 17Dec2017-Spot 112 437 
846077 3.1 13.3143 0.6 1.8727 1.1 0.1809 1.0 0.88 1072.0 9.8 1071.5 7.5 1070.5 11.1 1070.5 11.1 100.1 
Moecher EC17-3 17Dec2017-Spot 187 209 
110722 2.3 13.3138 0.8 1.8764 1.3 0.1813 1.0 0.79 1073.9 10.3 1072.8 8.7 1070.6 16.0 1070.6 16.0 100.3 
Moecher EC17-3 17Dec2017-Spot 18 233 
114281 1.4 13.3134 0.6 1.8733 1.1 0.1810 0.9 0.85 1072.2 9.4 1071.7 7.4 1070.7 11.9 1070.7 11.9 100.1 
Moecher EC17-3 17Dec2017-Spot 239 131 
705835 7.2 13.3089 0.8 1.7791 1.1 0.1718 0.7 0.66 1022.0 6.8 1037.8 7.0 1071.3 16.3 1071.3 16.3 95.4 
Moecher EC17-3 17Dec2017-Spot 80 142 
184313 1.8 13.3015 0.7 1.8672 1.2 0.1802 1.0 0.81 1068.1 9.9 1069.5 8.2 1072.4 14.7 1072.4 14.7 99.6 
Moecher EC17-3 17Dec2017-Spot 149 247 
426227 1.8 13.2758 0.6 1.9116 1.4 0.1841 1.3 0.92 1089.5 12.7 1085.1 9.2 1076.3 11.1 1076.3 11.1 101.2 
Moecher EC17-3 17Dec2017-Spot 243 165 
94198 1.4 13.2645 0.6 1.9085 1.3 0.1837 1.1 0.86 1087.1 10.8 1084.1 8.4 1078.0 12.9 1078.0 12.9 100.8 
Moecher EC17-3 17Dec2017-Spot 168 190 
115910 4.1 13.2542 0.9 1.7713 1.3 0.1703 0.9 0.68 1014.0 8.2 1035.0 8.3 1079.6 18.8 1079.6 18.8 93.9 
Moecher EC17-3 17Dec2017-Spot 49 23 
28803 1.3 13.2478 1.3 1.7235 1.6 0.1657 1.0 0.60 988.2 9.0 1017.3 10.6 1080.5 26.5 1080.5 26.5 91.5 
Moecher EC17-3 17Dec2017-Spot 315 101 
479633 0.8 13.2474 0.8 1.9010 1.4 0.1827 1.2 0.85 1081.9 12.3 1081.4 9.6 1080.6 15.2 1080.6 15.2 100.1 
Moecher EC17-3 17Dec2017-Spot 200 705 
372870 10.3 13.2436 0.6 1.9409 1.0 0.1865 0.8 0.79 1102.4 8.3 1095.3 7.0 1081.2 12.8 1081.2 12.8 102.0 
Moecher EC17-3 17Dec2017-Spot 98 194 
97611 2.4 13.1744 0.9 1.8620 1.3 0.1780 1.0 0.75 1056.0 9.8 1067.7 8.9 1091.7 17.8 1091.7 17.8 96.7 
Moecher EC17-3 17Dec2017-Spot 105 551 
227333 3.5 13.1695 0.6 1.8496 1.1 0.1767 1.0 0.84 1049.2 9.2 1063.3 7.5 1092.5 12.5 1092.5 12.5 96.0 
Moecher EC17-3 17Dec2017-Spot 277 52 
104008 3.6 13.1675 1.0 1.7775 1.4 0.1698 1.0 0.73 1011.1 9.7 1037.3 9.3 1092.8 19.6 1092.8 19.6 92.5 
Moecher EC17-3 17Dec2017-Spot 283 645 
109206 1.8 13.1428 0.7 1.9033 1.1 0.1815 0.9 0.78 1075.2 8.5 1082.2 7.4 1096.5 13.8 1096.5 13.8 98.1 
Moecher EC17-3 17Dec2017-Spot 110 43 
41962 1.6 13.1315 2.5 1.6626 2.7 0.1584 1.1 0.41 948.0 9.7 994.4 17.1 1098.2 49.3 1098.2 49.3 86.3 
Moecher EC17-3 17Dec2017-Spot 117 104 
92983 2.5 13.1190 0.7 1.9303 1.1 0.1837 0.9 0.77 1087.4 8.9 1091.6 7.7 1100.1 14.7 1100.1 14.7 98.8 
Moecher EC17-3 17Dec2017-Spot 190 36 
27096 1.0 13.1169 1.2 1.8595 1.6 0.1770 1.0 0.64 1050.4 9.8 1066.8 10.5 1100.5 24.3 1100.5 24.3 95.5 
Moecher EC17-3 17Dec2017-Spot 304 230 
93909 2.5 13.1110 0.8 1.9238 1.3 0.1830 0.9 0.75 1083.4 9.4 1089.4 8.4 1101.3 16.7 1101.3 16.7 98.4 
Moecher EC17-3 17Dec2017-Spot 56 40 
60476 1.8 13.1102 1.1 1.8448 1.7 0.1755 1.3 0.77 1042.3 12.3 1061.6 10.9 1101.4 21.2 1101.4 21.2 94.6 
Moecher EC17-3 17Dec2017-Spot 60 727 
90736 3.8 13.0952 0.8 1.8767 1.4 0.1783 1.1 0.80 1057.8 10.6 1072.9 9.0 1103.8 16.1 1103.8 16.1 95.8 
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Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 249 582 
308519 4.3 13.0927 0.7 1.9397 1.3 0.1843 1.0 0.82 1090.3 10.3 1094.9 8.4 1104.1 14.6 1104.1 14.6 98.7 
Moecher EC17-3 17Dec2017-Spot 130 79 
29190 2.6 13.0917 0.9 1.9974 1.2 0.1897 0.9 0.71 1120.0 9.1 1114.6 8.4 1104.3 17.5 1104.3 17.5 101.4 
Moecher EC17-3 17Dec2017-Spot 28 18 
14669 3.7 13.0879 1.3 1.6616 1.9 0.1578 1.4 0.71 944.5 12.1 994.0 12.2 1104.9 26.9 1104.9 26.9 85.5 
Moecher EC17-3 17Dec2017-Spot 109 56 
22866 2.8 13.0773 1.1 1.8908 1.3 0.1794 0.8 0.57 1063.8 7.4 1077.9 8.7 1106.5 21.6 1106.5 21.6 96.1 
Moecher EC17-3 17Dec2017-Spot 11 181 
103275 2.1 13.0170 0.7 1.9439 1.1 0.1836 0.9 0.76 1086.6 8.7 1096.3 7.7 1115.7 14.9 1115.7 14.9 97.4 
Moecher EC17-3 17Dec2017-Spot 108 275 
94680 3.3 13.0141 0.8 1.9469 1.3 0.1838 1.1 0.81 1087.9 10.5 1097.4 8.7 1116.2 15.2 1116.2 15.2 97.5 
Moecher EC17-3 17Dec2017-Spot 107 60 
39781 1.4 12.9741 2.0 1.8323 2.1 0.1725 0.9 0.41 1025.8 8.2 1057.1 14.1 1122.3 39.0 1122.3 39.0 91.4 
Moecher EC17-3 17Dec2017-Spot 45 227 
110543 2.2 12.9558 0.6 1.9994 1.0 0.1880 0.8 0.81 1110.3 8.6 1115.3 7.0 1125.1 12.0 1125.1 12.0 98.7 
Moecher EC17-3 17Dec2017-Spot 204 221 
115882 2.5 12.9496 0.7 1.9859 1.0 0.1866 0.7 0.71 1102.9 7.1 1110.7 6.7 1126.1 13.8 1126.1 13.8 97.9 
Moecher EC17-3 17Dec2017-Spot 46 398 
114177 1.6 12.9421 0.6 2.0959 1.2 0.1968 1.0 0.87 1158.2 10.7 1147.5 8.0 1127.2 11.6 1127.2 11.6 102.7 
Moecher EC17-3 17Dec2017-Spot 53 67 
25069 2.9 12.9172 1.1 1.9981 1.6 0.1873 1.2 0.74 1106.6 11.8 1114.9 10.6 1131.0 21.2 1131.0 21.2 97.8 
Moecher EC17-3 17Dec2017-Spot 172 138 
55504 1.9 12.8937 0.7 2.0056 1.2 0.1876 0.9 0.76 1108.5 8.9 1117.4 7.8 1134.7 14.9 1134.7 14.9 97.7 
Moecher EC17-3 17Dec2017-Spot 213 1597 
37559 8.7 12.8909 1.1 1.8206 1.5 0.1703 1.0 0.69 1013.7 9.6 1052.9 9.8 1135.1 21.5 1135.1 21.5 89.3 
Moecher EC17-3 17Dec2017-Spot 184 546 
2132562 4.4 12.8857 0.6 2.0836 1.2 0.1948 1.0 0.84 1147.4 10.5 1143.4 8.2 1135.9 12.8 1135.9 12.8 101.0 
Moecher EC17-3 17Dec2017-Spot 100 288 
750237 4.0 12.8757 0.7 2.0063 1.2 0.1874 0.9 0.77 1107.5 9.1 1117.6 7.9 1137.5 14.8 1137.5 14.8 97.4 
Moecher EC17-3 17Dec2017-Spot 257 192 
277089 3.4 12.8743 0.7 2.1060 1.0 0.1967 0.7 0.71 1157.7 7.2 1150.8 6.6 1137.7 13.3 1137.7 13.3 101.8 
Moecher EC17-3 17Dec2017-Spot 8 39 
11456 4.4 12.8656 1.1 2.0051 1.5 0.1872 1.0 0.65 1106.1 9.8 1117.2 10.1 1139.0 22.5 1139.0 22.5 97.1 
Moecher EC17-3 17Dec2017-Spot 78 678 
103440 5.4 12.8577 0.6 1.9612 1.1 0.1830 0.9 0.85 1083.2 9.4 1102.3 7.5 1140.3 11.7 1140.3 11.7 95.0 
Moecher EC17-3 17Dec2017-Spot 50 859 
1086722 5.5 12.8564 0.7 2.1019 1.4 0.1961 1.2 0.88 1154.2 12.8 1149.4 9.5 1140.5 13.2 1140.5 13.2 101.2 
Moecher EC17-3 17Dec2017-Spot 129 106 
672954 1.1 12.8508 0.8 2.0719 1.3 0.1932 1.0 0.78 1138.6 11.0 1139.6 9.2 1141.3 16.9 1141.3 16.9 99.8 
Moecher EC17-3 17Dec2017-Spot 144 269 
102042 3.6 12.8447 0.6 2.1084 1.1 0.1965 0.9 0.80 1156.5 9.1 1151.5 7.4 1142.3 12.9 1142.3 12.9 101.2 
Moecher EC17-3 17Dec2017-Spot 84 155 
99876 1.7 12.8318 0.7 2.0119 1.2 0.1873 1.0 0.82 1106.9 9.7 1119.5 7.9 1144.3 13.4 1144.3 13.4 96.7 
Moecher EC17-3 17Dec2017-Spot 47 202 
74215 9.1 12.8277 0.8 2.1492 1.4 0.2000 1.2 0.82 1175.5 12.4 1164.8 9.7 1144.9 15.9 1144.9 15.9 102.7 
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Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages 
(Ma) 
    
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 123 359 
88559 2.1 12.8227 0.6 2.0879 1.1 0.1943 0.9 0.83 1144.4 9.6 1144.8 7.6 1145.7 12.4 1145.7 12.4 99.9 
Moecher EC17-3 17Dec2017-Spot 150 388 
160490 4.0 12.8189 0.5 2.1379 1.4 0.1989 1.3 0.92 1169.1 13.6 1161.2 9.5 1146.3 10.4 1146.3 10.4 102.0 
Moecher EC17-3 17Dec2017-Spot 135 230 
228283 4.6 12.8161 0.6 2.1225 1.1 0.1974 1.0 0.84 1161.2 10.2 1156.1 7.9 1146.7 12.5 1146.7 12.5 101.3 
Moecher EC17-3 17Dec2017-Spot 173 469 
2691014 2.9 12.8127 0.7 2.1317 1.3 0.1982 1.1 0.84 1165.5 11.9 1159.1 9.1 1147.2 14.2 1147.2 14.2 101.6 
Moecher EC17-3 17Dec2017-Spot 199 627 
771964 3.0 12.8060 0.7 2.1558 1.5 0.2003 1.3 0.89 1177.0 14.1 1166.9 10.2 1148.3 13.4 1148.3 13.4 102.5 
Moecher EC17-3 17Dec2017-Spot 279 200 
156707 1.7 12.8050 0.6 2.1101 1.0 0.1960 0.9 0.82 1154.1 9.0 1152.1 7.2 1148.4 11.9 1148.4 11.9 100.5 
Moecher EC17-3 17Dec2017-Spot 20 269 
104447 3.0 12.8022 0.7 2.0857 1.1 0.1937 0.8 0.72 1141.6 8.0 1144.1 7.3 1148.8 14.6 1148.8 14.6 99.4 
Moecher EC17-3 17Dec2017-Spot 246 127 
113889 8.7 12.8021 0.7 2.0812 1.1 0.1933 0.8 0.73 1139.3 8.2 1142.6 7.3 1148.9 14.4 1148.9 14.4 99.2 
Moecher EC17-3 17Dec2017-Spot 52 284 
69634 1.9 12.7970 0.8 2.0302 1.6 0.1885 1.3 0.85 1113.3 13.7 1125.7 10.7 1149.6 16.3 1149.6 16.3 96.8 
Moecher EC17-3 17Dec2017-Spot 104 440 
101171 4.9 12.7871 0.7 1.9948 1.3 0.1851 1.0 0.81 1094.6 10.3 1113.7 8.5 1151.2 14.5 1151.2 14.5 95.1 
Moecher EC17-3 17Dec2017-Spot 266 855 
191024 1.2 12.7682 0.5 1.9727 1.2 0.1828 1.2 0.93 1082.0 11.5 1106.2 8.4 1154.1 9.1 1154.1 9.1 93.8 
Moecher EC17-3 17Dec2017-Spot 31 130 
141010 2.9 12.7643 0.6 2.1049 1.2 0.1949 1.0 0.85 1148.1 10.3 1150.4 8.0 1154.7 12.2 1154.7 12.2 99.4 
Moecher EC17-3 17Dec2017-Spot 33 405 
93409 2.7 12.7597 0.6 2.0844 1.6 0.1930 1.4 0.92 1137.5 14.8 1143.7 10.7 1155.4 12.4 1155.4 12.4 98.4 
Moecher EC17-3 17Dec2017-Spot 163 200 
27944 5.1 12.7593 0.7 2.1254 1.0 0.1968 0.8 0.75 1157.9 8.3 1157.1 7.2 1155.5 13.8 1155.5 13.8 100.2 
Moecher EC17-3 17Dec2017-Spot 161 244 
350277 3.4 12.7583 0.7 2.1333 1.4 0.1975 1.2 0.84 1161.8 12.3 1159.7 9.5 1155.6 14.5 1155.6 14.5 100.5 
Moecher EC17-3 17Dec2017-Spot 142 569 
1272694 1.9 12.7555 0.5 2.1525 1.0 0.1992 0.9 0.87 1171.1 9.6 1165.9 7.2 1156.1 10.3 1156.1 10.3 101.3 
Moecher EC17-3 17Dec2017-Spot 37 128 
106845 2.3 12.7503 0.8 2.1275 1.2 0.1968 0.9 0.74 1158.2 9.5 1157.8 8.4 1156.9 16.0 1156.9 16.0 100.1 
Moecher EC17-3 17Dec2017-Spot 268 333 
362693 2.4 12.7439 0.8 2.0061 1.3 0.1855 1.1 0.80 1096.9 10.6 1117.6 8.9 1157.9 15.5 1157.9 15.5 94.7 
Moecher EC17-3 17Dec2017-Spot 260 346 
148852 3.7 12.7290 0.5 2.1686 1.1 0.2003 1.0 0.88 1176.9 10.3 1171.0 7.5 1160.2 10.2 1160.2 10.2 101.4 
Moecher EC17-3 17Dec2017-Spot 133 379 
402660 2.5 12.7268 0.6 2.1172 1.4 0.1955 1.3 0.91 1151.2 13.7 1154.4 9.8 1160.6 11.7 1160.6 11.7 99.2 
Moecher EC17-3 17Dec2017-Spot 134 353 
161603 3.5 12.7226 0.7 2.1781 1.1 0.2011 0.9 0.80 1181.1 9.8 1174.1 7.9 1161.2 13.4 1161.2 13.4 101.7 
Moecher EC17-3 17Dec2017-Spot 300 176 
93381 4.4 12.7205 0.7 2.1484 1.2 0.1983 0.9 0.77 1166.1 9.7 1164.5 8.2 1161.5 14.8 1161.5 14.8 100.4 
Moecher EC17-3 17Dec2017-Spot 164 1015 
284855 2.5 12.7178 0.5 2.0322 1.1 0.1875 0.9 0.87 1108.0 9.7 1126.4 7.5 1162.0 10.9 1162.0 10.9 95.4 
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  Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 228 182 
80561 4.2 12.7164 1.1 2.1965 1.4 0.2027 0.9 0.63 1189.6 9.5 1179.9 9.6 1162.2 21.2 1162.2 21.2 102.4 
Moecher EC17-3 17Dec2017-Spot 85 137 
82836 2.1 12.7161 0.7 2.1406 1.1 0.1975 0.9 0.78 1161.9 9.5 1162.0 7.9 1162.2 14.2 1162.2 14.2 100.0 
Moecher EC17-3 17Dec2017-Spot 131 259 
86548 2.4 12.7076 0.7 2.1456 1.2 0.1978 1.0 0.83 1163.7 10.5 1163.6 8.3 1163.5 13.4 1163.5 13.4 100.0 
Moecher EC17-3 17Dec2017-Spot 206 126 
95361 1.2 12.7010 0.8 2.1802 1.4 0.2009 1.2 0.81 1180.3 12.5 1174.8 9.9 1164.6 16.5 1164.6 16.5 101.3 
Moecher EC17-3 17Dec2017-Spot 4 136 
114121 3.9 12.7006 0.8 2.1200 1.1 0.1954 0.7 0.69 1150.4 7.6 1155.4 7.3 1164.6 15.2 1164.6 15.2 98.8 
Moecher EC17-3 17Dec2017-Spot 10 120 
36060 1.3 12.6931 0.8 2.1113 1.1 0.1944 0.8 0.74 1145.4 8.6 1152.5 7.7 1165.8 15.0 1165.8 15.0 98.3 
Moecher EC17-3 17Dec2017-Spot 74 96 
93474 2.1 12.6884 0.7 2.0785 1.2 0.1914 1.0 0.80 1128.7 10.2 1141.7 8.4 1166.5 14.6 1166.5 14.6 96.8 
Moecher EC17-3 17Dec2017-Spot 121 240 
106706 3.3 12.6652 0.6 2.2420 1.1 0.2060 0.9 0.82 1207.6 10.1 1194.3 7.8 1170.2 12.5 1170.2 12.5 103.2 
Moecher EC17-3 17Dec2017-Spot 231 297 
161183 2.5 12.6646 0.6 2.1837 1.2 0.2007 1.1 0.87 1178.9 11.7 1175.8 8.7 1170.3 12.3 1170.3 12.3 100.7 
Moecher EC17-3 17Dec2017-Spot 114 237 
104248 3.4 12.6615 0.7 2.2072 1.1 0.2028 0.9 0.76 1190.2 9.3 1183.3 7.9 1170.8 14.6 1170.8 14.6 101.7 
Moecher EC17-3 17Dec2017-Spot 203 61 
54011 2.9 12.6591 0.8 2.1155 1.3 0.1943 1.0 0.79 1144.7 10.6 1153.9 8.9 1171.2 15.8 1171.2 15.8 97.7 
Moecher EC17-3 17Dec2017-Spot 194 555 
1168312 3.6 12.6590 0.5 2.1612 1.0 0.1985 0.9 0.87 1167.3 9.7 1168.7 7.3 1171.2 10.3 1171.2 10.3 99.7 
Moecher EC17-3 17Dec2017-Spot 32 191 
278470 3.5 12.6573 0.7 2.1727 1.2 0.1995 0.9 0.78 1172.9 10.0 1172.4 8.3 1171.4 14.7 1171.4 14.7 100.1 
Moecher EC17-3 17Dec2017-Spot 240 91 
416756 4.0 12.6515 0.8 2.1908 1.2 0.2011 0.9 0.74 1181.3 9.4 1178.1 8.2 1172.3 15.8 1172.3 15.8 100.8 
Moecher EC17-3 17Dec2017-Spot 295 166 
62068 2.4 12.6458 0.8 2.1331 1.1 0.1957 0.7 0.68 1152.3 7.9 1159.6 7.6 1173.2 16.0 1173.2 16.0 98.2 
Moecher EC17-3 17Dec2017-Spot 265 635 
340760 2.0 12.6312 0.5 2.2341 1.1 0.2048 1.0 0.88 1200.8 11.0 1191.8 8.0 1175.5 10.9 1175.5 10.9 102.2 
Moecher EC17-3 17Dec2017-Spot 89 177 
27446 2.5 12.6240 1.8 1.9101 2.0 0.1750 0.9 0.45 1039.4 8.6 1084.6 13.4 1176.6 35.6 1176.6 35.6 88.3 
Moecher EC17-3 17Dec2017-Spot 44 300 
241960 6.5 12.6232 0.7 2.1961 1.3 0.2011 1.2 0.87 1181.5 12.7 1179.8 9.4 1176.8 12.9 1176.8 12.9 100.4 
Moecher EC17-3 17Dec2017-Spot 62 607 
201112 5.2 12.6220 0.6 2.1730 1.2 0.1990 1.1 0.87 1170.0 11.3 1172.4 8.5 1177.0 12.1 1177.0 12.1 99.4 
Moecher EC17-3 17Dec2017-Spot 221 81 
99348 0.8 12.6192 0.9 2.1564 1.3 0.1974 1.0 0.74 1161.6 10.3 1167.1 9.0 1177.4 17.2 1177.4 17.2 98.7 
Moecher EC17-3 17Dec2017-Spot 116 163 
129728 3.0 12.6119 0.8 2.1752 1.2 0.1991 0.9 0.75 1170.2 9.7 1173.1 8.4 1178.5 15.6 1178.5 15.6 99.3 
Moecher EC17-3 17Dec2017-Spot 119 256 
121115 1.5 12.6119 0.8 2.2758 1.6 0.2083 1.3 0.85 1219.5 14.8 1204.8 11.1 1178.5 16.3 1178.5 16.3 103.5 
Moecher EC17-3 17Dec2017-Spot 145 66 
38333 2.0 12.6107 0.9 2.1787 1.6 0.1994 1.4 0.83 1171.9 14.7 1174.3 11.4 1178.7 17.9 1178.7 17.9 99.4 
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Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 102 324 
92396 2.2 12.6002 0.7 2.1152 1.2 0.1934 1.0 0.84 1139.7 10.7 1153.8 8.4 1180.4 13.0 1180.4 13.0 96.5 
Moecher EC17-3 17Dec2017-Spot 169 98 
124203 2.2 12.5945 0.8 2.1950 1.7 0.2006 1.5 0.89 1178.5 16.4 1179.5 11.9 1181.3 15.1 1181.3 15.1 99.8 
Moecher EC17-3 17Dec2017-Spot 3 256 
158639 2.0 12.5918 0.7 2.1593 1.2 0.1973 0.9 0.81 1160.7 9.9 1168.0 8.0 1181.7 13.4 1181.7 13.4 98.2 
Moecher EC17-3 17Dec2017-Spot 182 451 
234837 10.3 12.5730 0.7 2.2760 1.3 0.2076 1.2 0.87 1216.2 13.0 1204.9 9.5 1184.6 13.1 1184.6 13.1 102.7 
Moecher EC17-3 17Dec2017-Spot 59 171 
71749 1.5 12.5714 0.8 2.1546 1.3 0.1965 1.0 0.80 1156.7 10.9 1166.5 8.9 1184.9 15.3 1184.9 15.3 97.6 
Moecher EC17-3 17Dec2017-Spot 82 303 
100140 4.5 12.5434 0.7 2.1242 1.2 0.1933 1.0 0.83 1139.4 10.1 1156.7 8.1 1189.3 13.1 1189.3 13.1 95.8 
Moecher EC17-3 17Dec2017-Spot 87 270 
1011121 2.9 12.5391 0.7 2.1806 1.1 0.1984 0.9 0.80 1166.7 9.6 1174.9 7.9 1189.9 13.4 1189.9 13.4 98.0 
Moecher EC17-3 17Dec2017-Spot 127 326 
17951 4.0 12.5275 1.0 1.9241 1.4 0.1749 1.0 0.69 1039.0 9.3 1089.5 9.3 1191.8 19.8 1191.8 19.8 87.2 
Moecher EC17-3 17Dec2017-Spot 71 126 
104054 1.6 12.5189 0.7 2.3072 1.2 0.2096 1.0 0.83 1226.6 11.4 1214.5 8.7 1193.1 13.5 1193.1 13.5 102.8 
Moecher EC17-3 17Dec2017-Spot 120 125 
20808 1.8 12.4773 2.0 1.8625 2.3 0.1686 1.0 0.44 1004.5 9.2 1067.9 14.9 1199.7 39.9 1199.7 39.9 83.7 
Moecher EC17-3 17Dec2017-Spot 232 160 
170960 1.8 12.4292 0.7 2.3423 1.4 0.2112 1.1 0.84 1235.4 12.7 1225.2 9.6 1207.3 14.6 1207.3 14.6 102.3 
Moecher EC17-3 17Dec2017-Spot 201 336 
116620 2.5 12.4138 0.7 2.2333 1.3 0.2012 1.1 0.83 1181.5 11.8 1191.5 9.2 1209.8 14.2 1209.8 14.2 97.7 
Moecher EC17-3 17Dec2017-Spot 272 333 
187001 5.5 12.4119 0.7 2.2001 1.3 0.1981 1.1 0.84 1165.3 12.1 1181.1 9.4 1210.1 14.5 1210.1 14.5 96.3 
Moecher EC17-3 17Dec2017-Spot 271 113 
52658 1.3 12.3999 0.7 2.2547 1.2 0.2029 1.0 0.83 1190.6 10.6 1198.2 8.3 1211.9 13.1 1211.9 13.1 98.2 
Moecher EC17-3 17Dec2017-Spot 176 504 
307771 2.4 12.3943 0.6 2.2203 1.2 0.1997 1.1 0.87 1173.6 11.5 1187.5 8.6 1212.9 12.0 1212.9 12.0 96.8 
Moecher EC17-3 17Dec2017-Spot 165 172 
101738 1.4 12.3778 1.4 2.3156 1.7 0.2080 0.9 0.57 1218.0 10.4 1217.1 11.7 1215.5 26.8 1215.5 26.8 100.2 
Moecher EC17-3 17Dec2017-Spot 205 68 
46749 2.6 12.3740 0.8 2.3417 1.3 0.2102 1.0 0.80 1230.1 11.5 1225.0 9.1 1216.1 15.2 1216.1 15.2 101.2 
Moecher EC17-3 17Dec2017-Spot 291 665 
258940 2.3 12.3368 0.7 2.3578 1.0 0.2111 0.8 0.75 1234.5 8.5 1229.9 7.2 1222.0 13.0 1222.0 13.0 101.0 
Moecher EC17-3 17Dec2017-Spot 67 122 
78245 2.1 12.3318 0.5 2.2811 1.3 0.2041 1.1 0.91 1197.4 12.5 1206.5 8.8 1222.8 10.1 1222.8 10.1 97.9 
Moecher EC17-3 17Dec2017-Spot 6 193 
99933 1.7 12.3288 0.6 2.1262 1.2 0.1902 1.0 0.85 1122.5 10.1 1157.4 7.9 1223.3 11.8 1223.3 11.8 91.8 
Moecher EC17-3 17Dec2017-Spot 143 176 
41786 2.6 12.3270 2.4 2.0907 2.6 0.1870 1.1 0.41 1105.1 10.9 1145.8 18.1 1223.5 47.2 1223.5 47.2 90.3 
Moecher EC17-3 17Dec2017-Spot 25 78 
710262 3.3 12.2983 0.7 2.2779 1.2 0.2033 0.9 0.79 1192.9 10.1 1205.5 8.3 1228.2 14.1 1228.2 14.1 97.1 
Moecher EC17-3 17Dec2017-Spot 188 65 
34235 4.7 12.2931 0.8 2.2383 1.3 0.1996 1.0 0.78 1173.4 10.8 1193.1 9.0 1229.0 15.8 1229.0 15.8 95.5 
  
  
1
2
6
 
 
  Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 36 254 
147172 4.5 12.2909 0.5 2.3676 1.1 0.2111 1.0 0.89 1234.9 10.7 1232.9 7.6 1229.3 9.4 1229.3 9.4 100.5 
Moecher EC17-3 17Dec2017-Spot 2 138 
66664 2.3 12.2891 0.6 2.3269 1.2 0.2075 1.0 0.84 1215.4 11.0 1220.5 8.4 1229.6 12.5 1229.6 12.5 98.8 
Moecher EC17-3 17Dec2017-Spot 61 383 
183150 1.8 12.2867 0.6 2.3215 1.2 0.2070 1.1 0.87 1212.6 11.8 1218.9 8.7 1230.0 12.0 1230.0 12.0 98.6 
Moecher EC17-3 17Dec2017-Spot 314 61 
3144 2.7 12.2847 4.0 2.2711 4.2 0.2024 1.4 0.32 1188.4 14.8 1203.4 29.9 1230.3 78.8 1230.3 78.8 96.6 
Moecher EC17-3 17Dec2017-Spot 54 204 
71493 2.7 12.2801 0.6 2.3195 1.2 0.2067 1.0 0.84 1211.1 10.7 1218.3 8.2 1231.1 12.2 1231.1 12.2 98.4 
Moecher EC17-3 17Dec2017-Spot 267 346 
94328 2.4 12.2771 0.6 2.3045 1.1 0.2053 1.0 0.85 1203.7 10.7 1213.7 8.1 1231.5 11.9 1231.5 11.9 97.7 
Moecher EC17-3 17Dec2017-Spot 247 268 
92764 6.3 12.2656 0.8 2.3605 1.4 0.2101 1.1 0.79 1229.2 12.3 1230.7 9.9 1233.4 16.5 1233.4 16.5 99.7 
Moecher EC17-3 17Dec2017-Spot 103 25 
17226 1.4 12.2462 1.6 2.3846 2.1 0.2119 1.4 0.68 1238.9 16.1 1238.0 15.1 1236.5 30.4 1236.5 30.4 100.2 
Moecher EC17-3 17Dec2017-Spot 306 190 
21206 3.3 12.2443 2.3 1.9787 2.7 0.1758 1.4 0.51 1043.9 13.3 1108.3 18.2 1236.8 45.3 1236.8 45.3 84.4 
Moecher EC17-3 17Dec2017-Spot 77 261 
122633 2.3 12.2374 0.6 2.4020 1.2 0.2133 1.1 0.88 1246.3 12.4 1243.2 8.9 1237.9 11.4 1237.9 11.4 100.7 
Moecher EC17-3 17Dec2017-Spot 259 67 
25630 1.5 12.2164 0.9 2.0809 1.2 0.1844 0.9 0.68 1091.2 8.6 1142.5 8.5 1241.2 17.8 1241.2 17.8 87.9 
Moecher EC17-3 17Dec2017-Spot 238 83 
51831 2.5 12.1550 0.7 2.3391 1.3 0.2063 1.1 0.85 1209.1 12.4 1224.3 9.4 1251.1 13.6 1251.1 13.6 96.6 
Moecher EC17-3 17Dec2017-Spot 95 112 
77796 2.8 12.1331 0.6 2.2895 1.0 0.2016 0.8 0.79 1183.7 9.0 1209.1 7.4 1254.7 12.5 1254.7 12.5 94.3 
Moecher EC17-3 17Dec2017-Spot 293 212 
152659 3.8 12.1082 0.7 2.4500 1.3 0.2152 1.1 0.82 1256.7 12.1 1257.4 9.3 1258.6 14.3 1258.6 14.3 99.8 
Moecher EC17-3 17Dec2017-Spot 202 285 
108064 2.4 12.0964 0.7 2.4774 1.2 0.2174 0.9 0.80 1268.3 10.7 1265.5 8.4 1260.6 13.6 1260.6 13.6 100.6 
Moecher EC17-3 17Dec2017-Spot 115 836 
52344 2.5 12.0956 1.2 2.1984 1.6 0.1929 1.1 0.67 1137.3 11.0 1180.5 11.0 1260.7 22.8 1260.7 22.8 90.2 
Moecher EC17-3 17Dec2017-Spot 270 333 
116277 2.2 12.0378 0.6 2.0232 1.5 0.1767 1.4 0.91 1049.0 13.3 1123.3 10.2 1270.0 12.1 1270.0 12.1 82.6 
Moecher EC17-3 17Dec2017-Spot 140 295 
104449 2.0 12.0249 0.5 2.5357 1.1 0.2212 0.9 0.87 1288.4 10.8 1282.3 7.8 1272.1 10.4 1272.1 10.4 101.3 
Moecher EC17-3 17Dec2017-Spot 30 141 
1043260 2.1 12.0009 0.6 2.4471 1.0 0.2131 0.8 0.80 1245.2 9.5 1256.6 7.6 1276.0 12.4 1276.0 12.4 97.6 
Moecher EC17-3 17Dec2017-Spot 162 61 
609317 2.8 11.9324 0.8 2.5357 1.5 0.2195 1.2 0.83 1279.4 14.3 1282.3 10.8 1287.2 16.0 1287.2 16.0 99.4 
Moecher EC17-3 17Dec2017-Spot 220 799 
64985 2.0 11.8571 0.6 2.1137 2.3 0.1818 2.2 0.97 1077.0 22.0 1153.3 15.8 1299.5 11.4 1299.5 11.4 82.9 
Moecher EC17-3 17Dec2017-Spot 22 103 
33625 4.2 11.8507 0.8 2.2943 1.4 0.1973 1.1 0.81 1160.7 11.8 1210.5 9.6 1300.5 15.4 1300.5 15.4 89.2 
Moecher EC17-3 17Dec2017-Spot 14 90 
216483 3.4 11.8487 1.0 2.4374 1.5 0.2096 1.0 0.71 1226.4 11.5 1253.7 10.5 1300.9 19.9 1300.9 19.9 94.3 
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Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 233 402 
127508 2.7 11.7676 0.5 2.7124 1.6 0.2316 1.6 0.96 1342.9 19.0 1331.9 12.2 1314.2 9.3 1314.2 9.3 102.2 
Moecher EC17-3 17Dec2017-Spot 197 670 
207961 2.1 11.7570 0.6 2.6833 1.1 0.2289 0.9 0.84 1328.7 11.1 1323.9 8.1 1315.9 11.3 1315.9 11.3 101.0 
Moecher EC17-3 17Dec2017-Spot 65 136 
137755 1.5 11.7468 0.6 2.6619 1.2 0.2269 1.0 0.86 1318.1 11.9 1317.9 8.6 1317.6 11.6 1317.6 11.6 100.0 
Moecher EC17-3 17Dec2017-Spot 151 64 
27683 2.2 11.7338 0.9 2.6805 1.2 0.2282 0.8 0.67 1325.1 9.7 1323.1 8.9 1319.8 17.4 1319.8 17.4 100.4 
Moecher EC17-3 17Dec2017-Spot 42 479 
352803 2.8 11.7139 0.8 2.5934 1.2 0.2204 0.9 0.77 1284.1 10.7 1298.8 8.8 1323.1 14.9 1323.1 14.9 97.1 
Moecher EC17-3 17Dec2017-Spot 284 370 
161437 3.3 11.6895 0.9 2.3249 1.6 0.1972 1.3 0.83 1160.2 14.0 1219.9 11.3 1327.1 17.2 1327.1 17.2 87.4 
Moecher EC17-3 17Dec2017-Spot 43 51 
256245 2.0 11.6591 0.7 2.7220 1.2 0.2303 1.0 0.82 1335.9 11.9 1334.5 9.0 1332.1 13.4 1332.1 13.4 100.3 
Moecher EC17-3 17Dec2017-Spot 12 614 
67211 1.9 11.6554 0.9 2.3588 1.2 0.1995 0.8 0.65 1172.6 8.4 1230.2 8.6 1332.8 17.6 1332.8 17.6 88.0 
Moecher EC17-3 17Dec2017-Spot 79 50 
26555 2.1 11.6365 0.8 2.6482 1.2 0.2236 0.9 0.74 1300.9 10.6 1314.2 8.9 1335.9 15.8 1335.9 15.8 97.4 
Moecher EC17-3 17Dec2017-Spot 193 44 
276466 1.4 11.6129 0.9 2.7111 1.1 0.2284 0.7 0.65 1326.3 9.0 1331.5 8.5 1339.8 16.8 1339.8 16.8 99.0 
Moecher EC17-3 17Dec2017-Spot 51 89 
77901 2.4 11.5931 0.7 2.6556 1.2 0.2234 0.9 0.81 1299.7 11.0 1316.2 8.6 1343.1 13.3 1343.1 13.3 96.8 
Moecher EC17-3 17Dec2017-Spot 226 276 
103497 1.9 11.5886 0.6 2.7184 1.2 0.2286 1.0 0.84 1327.0 11.8 1333.5 8.8 1343.9 12.5 1343.9 12.5 98.7 
Moecher EC17-3 17Dec2017-Spot 97 96 
117206 2.0 11.4668 0.8 2.8170 1.3 0.2344 1.0 0.80 1357.4 12.7 1360.1 9.7 1364.2 14.9 1364.2 14.9 99.5 
Moecher EC17-3 17Dec2017-Spot 263 91 
71920 1.3 11.4255 0.8 2.8442 1.5 0.2358 1.3 0.85 1364.8 15.7 1367.3 11.4 1371.2 15.5 1371.2 15.5 99.5 
Moecher EC17-3 17Dec2017-Spot 55 103 
93103 4.8 11.4233 0.8 2.9404 1.2 0.2437 0.9 0.77 1406.0 11.9 1392.4 9.2 1371.6 14.9 1371.6 14.9 102.5 
Moecher EC17-3 17Dec2017-Spot 118 196 
120997 1.5 11.3144 0.7 2.9094 1.0 0.2388 0.8 0.74 1380.7 9.4 1384.4 7.7 1390.0 13.3 1390.0 13.3 99.3 
Moecher EC17-3 17Dec2017-Spot 94 720 
145567 1.8 11.2752 0.7 2.6965 1.7 0.2206 1.6 0.92 1285.1 18.2 1327.5 12.6 1396.6 13.2 1396.6 13.2 92.0 
Moecher EC17-3 17Dec2017-Spot 185 242 
186146 2.9 11.2603 0.6 2.9006 1.3 0.2370 1.1 0.87 1371.0 13.7 1382.1 9.6 1399.2 12.2 1399.2 12.2 98.0 
Moecher EC17-3 17Dec2017-Spot 1 37 
206226 2.2 11.2384 1.0 2.7835 1.4 0.2270 0.9 0.66 1318.6 10.7 1351.1 10.1 1402.9 19.4 1402.9 19.4 94.0 
Moecher EC17-3 17Dec2017-Spot 227 129 
98573 4.6 11.1689 0.9 2.9560 1.4 0.2395 1.1 0.78 1384.4 13.4 1396.4 10.4 1414.8 16.4 1414.8 16.4 97.8 
Moecher EC17-3 17Dec2017-Spot 280 231 
265900 2.2 11.0949 0.7 3.0952 1.1 0.2492 0.8 0.77 1434.2 10.7 1431.5 8.3 1427.5 13.1 1427.5 13.1 100.5 
Moecher EC17-3 17Dec2017-Spot 236 174 
7982266 2.7 11.0877 0.6 3.0553 1.1 0.2458 0.9 0.86 1416.8 12.1 1421.6 8.5 1428.7 10.8 1428.7 10.8 99.2 
Moecher EC17-3 17Dec2017-Spot 90 825 
62176 3.5 11.0649 0.5 2.8669 1.2 0.2302 1.0 0.88 1335.4 12.2 1373.3 8.7 1432.6 10.4 1432.6 10.4 93.2 
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Appendix A: EC17-3 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher EC17-3 17Dec2017-Spot 273 72 
61769 1.9 10.9980 0.6 3.1173 1.1 0.2488 0.9 0.82 1432.1 11.2 1437.0 8.2 1444.2 11.6 1444.2 11.6 99.2 
Moecher EC17-3 17Dec2017-Spot 75 177 
81391 2.8 10.9656 0.5 3.2992 1.1 0.2625 0.9 0.86 1502.6 12.2 1480.9 8.2 1449.8 10.2 1449.8 10.2 103.6 
Moecher EC17-3 17Dec2017-Spot 136 85 
589118 2.5 10.9552 0.7 3.1475 1.3 0.2502 1.0 0.82 1439.5 13.3 1444.4 9.7 1451.6 13.7 1451.6 13.7 99.2 
Moecher EC17-3 17Dec2017-Spot 217 210 
112602 1.5 10.9496 0.7 3.0769 1.1 0.2445 0.8 0.75 1409.8 10.7 1426.9 8.6 1452.6 14.1 1452.6 14.1 97.1 
Moecher EC17-3 17Dec2017-Spot 286 274 
125777 1.9 10.9494 0.6 3.3223 1.1 0.2639 1.0 0.85 1510.0 12.8 1486.3 8.7 1452.6 11.1 1452.6 11.1 103.9 
Moecher EC17-3 17Dec2017-Spot 174 149 
128518 2.5 10.9232 0.7 3.2053 1.2 0.2540 0.9 0.77 1459.3 11.7 1458.5 8.9 1457.2 13.9 1457.2 13.9 100.1 
Moecher EC17-3 17Dec2017-Spot 212 41 
13170 1.8 10.9198 1.0 3.1209 1.5 0.2473 1.1 0.75 1424.4 14.4 1437.9 11.6 1457.8 19.0 1457.8 19.0 97.7 
Moecher EC17-3 17Dec2017-Spot 261 167 
265216 2.1 10.8559 0.7 3.3056 1.1 0.2604 0.9 0.80 1491.8 12.2 1482.4 8.9 1468.9 13.0 1468.9 13.0 101.6 
Moecher EC17-3 17Dec2017-Spot 311 213 
118410 3.2 10.8537 0.6 3.2541 1.1 0.2563 0.9 0.85 1470.7 12.1 1470.2 8.4 1469.3 10.7 1469.3 10.7 100.1 
Moecher EC17-3 17Dec2017-Spot 248 192 
94610 1.9 10.8474 0.6 3.2579 1.0 0.2564 0.8 0.78 1471.5 10.3 1471.1 7.8 1470.4 11.8 1470.4 11.8 100.1 
Moecher EC17-3 17Dec2017-Spot 170 231 
96650 1.7 10.7762 0.6 3.2447 1.2 0.2537 1.1 0.87 1457.5 13.8 1467.9 9.4 1482.9 11.3 1482.9 11.3 98.3 
Moecher EC17-3 17Dec2017-Spot 175 111 
80726 1.7 10.7749 0.7 3.2268 1.2 0.2523 1.0 0.84 1450.2 13.1 1463.6 9.3 1483.1 12.5 1483.1 12.5 97.8 
Moecher EC17-3 17Dec2017-Spot 141 133 
108435 1.3 10.6668 1.1 3.3404 1.4 0.2585 1.0 0.67 1482.3 12.8 1490.5 11.2 1502.2 20.1 1502.2 20.1 98.7 
Moecher EC17-3 17Dec2017-Spot 274 663 
1584106 2.7 10.5865 0.6 3.5136 1.0 0.2699 0.8 0.82 1540.3 11.1 1530.3 7.8 1516.5 10.7 1516.5 10.7 101.6 
Moecher EC17-3 17Dec2017-Spot 313 187 
170773 1.0 9.8973 0.6 4.0327 1.2 0.2896 1.0 0.86 1639.5 14.7 1640.8 9.6 1642.4 11.2 1642.4 11.2 99.8 
Moecher EC17-3 17Dec2017-Spot 158 757 
345904 3.3 9.8636 0.7 4.0639 1.1 0.2909 0.9 0.79 1645.8 12.6 1647.1 8.9 1648.8 12.4 1648.8 12.4 99.8 
Moecher EC17-3 17Dec2017-Spot 126 42 
15877 2.4 9.8327 1.0 4.0129 1.3 0.2863 0.9 0.70 1623.0 13.4 1636.8 10.9 1654.6 17.7 1654.6 17.7 98.1 
Moecher EC17-3 17Dec2017-Spot 101 365 
222742 1.8 9.6818 0.6 4.2618 1.2 0.2994 1.0 0.85 1688.3 15.1 1686.0 9.9 1683.2 11.9 1683.2 11.9 100.3 
Moecher EC17-3 17Dec2017-Spot 285 402 
684160 8.5 8.8407 0.6 5.3001 1.6 0.3400 1.4 0.93 1886.6 23.5 1868.9 13.2 1849.2 10.5 1849.2 10.5 102.0 
Moecher EC17-3 17Dec2017-Spot 178 135 
545467 4.2 8.6056 0.7 5.7202 1.2 0.3572 1.0 0.83 1968.8 16.3 1934.4 10.0 1897.8 11.7 1897.8 11.7 103.7 
Moecher EC17-3 17Dec2017-Spot 237 123 
1326477 1.0 8.3919 0.6 5.8455 1.0 0.3559 0.9 0.83 1962.9 14.5 1953.2 8.9 1942.9 10.2 1942.9 10.2 101.0 
Moecher EC17-3 17Dec2017-Spot 125 85 
105677 0.6 5.4478 0.5 13.2948 1.0 0.5255 0.9 0.87 2722.6 19.5 2700.8 9.6 2684.6 8.4 2684.6 8.4 101.4 
Moecher EC17-3 17Dec2017-Spot 99 187 
233702 1.7 5.3722 0.6 11.6391 1.2 0.4537 1.1 0.88 2411.6 21.6 2575.8 11.4 2707.7 9.6 2707.7 9.6 89.1 
Moecher EC17-3 17Dec2017-Spot 216 164 
3832561 1.5 5.3014 0.7 12.8539 1.4 0.4944 1.2 0.88 2589.8 26.1 2669.0 13.1 2729.5 11.0 2729.5 11.0 94.9 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 100 257 
193328 2.3 18.5604 0.8 0.4447 1.2 0.0599 0.9 0.76 374.9 3.3 373.6 3.8 365.0 17.8 374.9 3.3 NA 
Moecher SL17-5 16Dec17-Spot 213 175 
44475 0.8 18.3031 1.0 0.4857 1.9 0.0645 1.7 0.86 402.9 6.5 402.0 6.4 396.3 21.8 402.9 6.5 101.7 
Moecher SL17-5 16Dec17-Spot 200 205 
79423 0.8 17.9540 0.8 0.5160 1.2 0.0672 0.8 0.72 419.4 3.4 422.5 4.1 439.4 18.1 419.4 3.4 95.5 
Moecher SL17-5 16Dec17-Spot 242 196 
78188 3.9 18.0958 1.0 0.5135 1.3 0.0674 0.9 0.69 420.6 3.7 420.8 4.6 421.8 21.6 420.6 3.7 99.7 
Moecher SL17-5 16Dec17-Spot 290 199 
51085 1.4 17.1813 1.0 0.5557 1.5 0.0693 1.0 0.72 431.8 4.4 448.7 5.3 536.5 22.2 431.8 4.4 80.5 
Moecher SL17-5 16Dec17-Spot 2 148 
24539 2.8 17.9490 1.1 0.5476 1.4 0.0713 1.0 0.68 444.1 4.2 443.4 5.1 440.0 23.4 444.1 4.2 100.9 
Moecher SL17-5 16Dec17-Spot 172 153 
86419 1.1 17.0737 1.0 0.5856 1.4 0.0725 1.0 0.70 451.4 4.1 468.0 5.1 550.2 21.1 451.4 4.1 82.1 
Moecher SL17-5 16Dec17-Spot 196 116 
54915 1.5 17.8141 0.8 0.5651 1.1 0.0730 0.8 0.70 454.5 3.5 454.8 4.1 456.8 17.9 454.5 3.5 99.5 
Moecher SL17-5 16Dec17-Spot 140 55 
14927 1.9 17.4883 1.4 0.5785 1.8 0.0734 1.1 0.61 456.6 4.7 463.5 6.6 497.5 30.9 456.6 4.7 91.8 
Moecher SL17-5 16Dec17-Spot 313 195 
56886 1.3 17.9036 0.9 0.5659 1.3 0.0735 1.0 0.77 457.3 4.6 455.3 5.0 445.6 19.2 457.3 4.6 102.6 
Moecher SL17-5 16Dec17-Spot 178 133 
42610 1.3 17.8965 1.1 0.5725 1.7 0.0743 1.3 0.74 462.3 5.6 459.7 6.3 446.5 25.2 462.3 5.6 103.5 
Moecher SL17-5 16Dec17-Spot 294 660 
49102 1.5 15.9033 1.0 0.8113 1.5 0.0936 1.1 0.76 576.9 6.2 603.2 6.8 703.2 20.7 576.9 6.2 82.0 
Moecher SL17-5 16Dec17-Spot 130 204 
80704 0.8 16.4294 0.7 0.8301 1.4 0.0990 1.3 0.87 608.3 7.3 613.7 6.6 633.6 15.2 608.3 7.3 96.0 
Moecher SL17-5 16Dec17-Spot 1 283 
91268 1.7 16.4923 0.7 0.8534 1.5 0.1021 1.3 0.86 626.8 7.5 626.5 6.8 625.3 15.9 626.8 7.5 100.2 
Moecher SL17-5 16Dec17-Spot 306 167 
30341 2.4 16.5367 0.8 0.8530 1.3 0.1024 1.0 0.79 628.2 6.2 626.3 6.1 619.5 17.2 628.2 6.2 101.4 
Moecher SL17-5 16Dec17-Spot 142 580 
131489 7.1 16.1784 0.7 0.9057 1.4 0.1063 1.2 0.87 651.3 7.3 654.8 6.6 666.7 14.7 651.3 7.3 97.7 
Moecher SL17-5 16Dec17-Spot 53 40 
21255 3.5 14.2770 1.0 1.5227 1.4 0.1577 0.9 0.68 944.2 8.1 939.5 8.3 928.7 20.3 928.7 20.3 101.7 
Moecher SL17-5 16Dec17-Spot 145 124 
52191 4.8 14.2112 0.7 1.5612 1.2 0.1610 1.0 0.82 962.2 8.5 954.9 7.2 938.2 13.6 938.2 13.6 102.6 
Moecher SL17-5 16Dec17-Spot 248 45 
21033 2.0 14.1648 1.0 1.5057 1.4 0.1548 0.9 0.68 927.6 8.0 932.7 8.3 944.9 20.5 944.9 20.5 98.2 
Moecher SL17-5 16Dec17-Spot 66 484 
286734 3.1 14.1646 0.6 1.5356 1.0 0.1578 0.9 0.84 944.6 7.8 944.7 6.4 944.9 11.5 944.9 11.5 100.0 
Moecher SL17-5 16Dec17-Spot 282 33 
10604 1.4 14.0776 1.0 1.5748 1.4 0.1609 1.0 0.70 961.6 8.7 960.3 8.6 957.5 20.4 957.5 20.4 100.4 
Moecher SL17-5 16Dec17-Spot 25 112 
70195 1.3 14.0680 0.9 1.6319 1.5 0.1666 1.2 0.79 993.2 11.2 982.6 9.6 958.9 19.0 958.9 19.0 103.6 
Moecher SL17-5 16Dec17-Spot 12 227 
189652 3.7 14.0648 0.6 1.4879 1.1 0.1518 0.9 0.82 911.3 7.6 925.5 6.7 959.4 13.0 959.4 13.0 95.0 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 7 26 
19123 0.9 14.0190 1.3 1.4965 1.7 0.1522 1.1 0.64 913.4 9.5 929.0 10.6 966.1 27.5 966.1 27.5 94.6 
Moecher SL17-5 16Dec17-Spot 210 293 
3217254 5.3 13.9907 0.7 1.5805 1.1 0.1604 0.8 0.77 959.2 7.5 962.6 6.8 970.1 14.4 970.1 14.4 98.9 
Moecher SL17-5 16Dec17-Spot 220 28 
35169 2.1 13.9440 1.2 1.6002 1.5 0.1619 1.0 0.65 967.3 9.0 970.3 9.6 977.0 24.0 977.0 24.0 99.0 
Moecher SL17-5 16Dec17-Spot 152 73 
28170 0.9 13.9019 0.7 1.6708 1.2 0.1685 1.0 0.81 1004.0 9.0 997.5 7.6 983.1 14.4 983.1 14.4 102.1 
Moecher SL17-5 16Dec17-Spot 93 57 
460983 1.6 13.8911 0.8 1.7178 1.4 0.1731 1.1 0.80 1029.4 10.4 1015.2 8.8 984.7 16.7 984.7 16.7 104.5 
Moecher SL17-5 16Dec17-Spot 170 46 
16968 1.5 13.8897 1.2 1.6337 1.6 0.1646 1.1 0.66 982.5 9.7 983.3 10.2 984.9 24.6 984.9 24.6 99.8 
Moecher SL17-5 16Dec17-Spot 106 102 
25004 2.6 13.8816 0.9 1.6728 1.3 0.1685 1.0 0.73 1003.8 8.9 998.2 8.4 986.1 18.5 986.1 18.5 101.8 
Moecher SL17-5 16Dec17-Spot 10 81 
16474 4.4 13.8534 0.7 1.6715 1.1 0.1680 0.9 0.77 1001.2 8.0 997.8 7.1 990.3 14.4 990.3 14.4 101.1 
Moecher SL17-5 16Dec17-Spot 244 35 
24613 3.0 13.8493 1.2 1.6119 1.5 0.1620 1.0 0.66 967.8 9.1 974.9 9.6 990.9 23.4 990.9 23.4 97.7 
Moecher SL17-5 16Dec17-Spot 171 219 
43034 7.4 13.8285 0.6 1.6188 1.3 0.1624 1.1 0.88 970.2 10.3 977.5 8.2 993.9 12.7 993.9 12.7 97.6 
Moecher SL17-5 16Dec17-Spot 227 47 
349010 1.0 13.8192 1.1 1.6984 1.5 0.1703 1.0 0.68 1013.8 9.3 1007.9 9.3 995.3 21.5 995.3 21.5 101.9 
Moecher SL17-5 16Dec17-Spot 126 508 
278999 7.1 13.7998 0.6 1.7022 1.2 0.1704 1.0 0.87 1014.5 9.5 1009.4 7.4 998.1 11.5 998.1 11.5 101.6 
Moecher SL17-5 16Dec17-Spot 68 19 
12562 1.9 13.7974 1.2 1.6889 1.5 0.1691 0.9 0.60 1007.0 8.6 1004.4 9.8 998.5 24.9 998.5 24.9 100.9 
Moecher SL17-5 16Dec17-Spot 78 40 
35398 1.9 13.7900 1.0 1.7387 1.3 0.1740 0.9 0.69 1034.0 8.8 1023.0 8.6 999.6 19.7 999.6 19.7 103.4 
Moecher SL17-5 16Dec17-Spot 249 113 
74793 2.1 13.7896 0.7 1.6668 1.2 0.1668 0.9 0.78 994.3 8.4 996.0 7.4 999.6 14.8 999.6 14.8 99.5 
Moecher SL17-5 16Dec17-Spot 190 162 
80242 3.3 13.7633 0.8 1.6858 1.1 0.1684 0.8 0.73 1003.0 7.8 1003.2 7.3 1003.5 15.8 1003.5 15.8 100.0 
Moecher SL17-5 16Dec17-Spot 54 205 
59090 5.3 13.7250 0.7 1.7307 1.1 0.1724 0.8 0.75 1025.1 7.8 1020.0 7.1 1009.2 14.8 1009.2 14.8 101.6 
Moecher SL17-5 16Dec17-Spot 5 40 
17812 0.8 13.7175 1.1 1.7252 1.5 0.1717 1.1 0.72 1021.6 10.4 1018.0 9.8 1010.3 21.3 1010.3 21.3 101.1 
Moecher SL17-5 16Dec17-Spot 52 122 
111829 3.7 13.7032 1.0 1.7477 1.3 0.1738 0.9 0.67 1032.9 8.2 1026.3 8.3 1012.4 19.3 1012.4 19.3 102.0 
Moecher SL17-5 16Dec17-Spot 233 137 
182204 2.2 13.6989 0.7 1.7860 1.0 0.1775 0.7 0.73 1053.5 6.9 1040.4 6.3 1013.0 13.4 1013.0 13.4 104.0 
Moecher SL17-5 16Dec17-Spot 112 35 
25371 3.9 13.6980 1.0 1.7025 1.4 0.1692 1.0 0.72 1007.8 9.5 1009.5 9.1 1013.1 20.1 1013.1 20.1 99.5 
Moecher SL17-5 16Dec17-Spot 98 92 
65273 1.2 13.6956 0.8 1.7152 1.2 0.1704 0.8 0.70 1014.6 7.7 1014.2 7.5 1013.5 16.9 1013.5 16.9 100.1 
Moecher SL17-5 16Dec17-Spot 125 79 
753016 3.8 13.6853 0.8 1.6995 1.3 0.1688 1.0 0.76 1005.3 8.9 1008.3 8.0 1015.0 16.5 1015.0 16.5 99.0 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 186 52 
33240 1.8 13.6828 0.8 1.7483 1.3 0.1736 1.0 0.79 1031.7 10.0 1026.5 8.6 1015.4 16.5 1015.4 16.5 101.6 
Moecher SL17-5 16Dec17-Spot 16 32 
7414 1.3 13.6688 1.0 1.7557 1.3 0.1741 0.9 0.68 1034.8 8.7 1029.3 8.7 1017.5 20.2 1017.5 20.2 101.7 
Moecher SL17-5 16Dec17-Spot 144 188 
132815 4.8 13.6621 0.7 1.6881 1.4 0.1673 1.2 0.88 997.5 11.0 1004.1 8.6 1018.5 13.2 1018.5 13.2 97.9 
Moecher SL17-5 16Dec17-Spot 56 113 
305529 4.0 13.6469 0.6 1.7490 1.1 0.1732 0.9 0.82 1029.6 8.3 1026.8 6.9 1020.7 12.5 1020.7 12.5 100.9 
Moecher SL17-5 16Dec17-Spot 207 53 
26452 3.0 13.6335 0.7 1.7700 1.3 0.1751 1.1 0.86 1040.1 11.0 1034.5 8.6 1022.7 13.8 1022.7 13.8 101.7 
Moecher SL17-5 16Dec17-Spot 63 81 
124245 5.6 13.6323 0.8 1.7558 1.2 0.1737 1.0 0.78 1032.3 9.2 1029.3 8.0 1022.9 15.6 1022.9 15.6 100.9 
Moecher SL17-5 16Dec17-Spot 79 94 
19949 1.3 13.6262 0.8 1.7890 1.2 0.1769 0.9 0.72 1049.9 8.3 1041.5 7.8 1023.8 16.6 1023.8 16.6 102.6 
Moecher SL17-5 16Dec17-Spot 188 103 
102372 0.6 13.6159 0.8 1.7361 1.1 0.1715 0.7 0.68 1020.5 7.0 1022.0 7.0 1025.3 16.1 1025.3 16.1 99.5 
Moecher SL17-5 16Dec17-Spot 194 53 
18999 3.9 13.6122 0.9 1.7497 1.2 0.1728 0.8 0.65 1027.6 7.7 1027.0 8.1 1025.9 19.1 1025.9 19.1 100.2 
Moecher SL17-5 16Dec17-Spot 127 69 
29985 1.8 13.6069 0.9 1.7818 1.3 0.1759 0.9 0.71 1044.6 9.1 1038.9 8.7 1026.7 19.0 1026.7 19.0 101.8 
Moecher SL17-5 16Dec17-Spot 189 68 
115187 1.2 13.6008 0.8 1.6992 1.1 0.1677 0.8 0.68 999.3 7.1 1008.2 7.2 1027.6 16.8 1027.6 16.8 97.3 
Moecher SL17-5 16Dec17-Spot 218 154 
98922 4.5 13.5825 0.7 1.7729 1.1 0.1747 0.8 0.75 1038.1 8.1 1035.6 7.3 1030.3 15.1 1030.3 15.1 100.8 
Moecher SL17-5 16Dec17-Spot 104 135 
106607 4.8 13.5737 0.8 1.7248 1.3 0.1699 1.0 0.80 1011.4 9.6 1017.8 8.2 1031.6 15.5 1031.6 15.5 98.0 
Moecher SL17-5 16Dec17-Spot 84 190 
1185362 3.9 13.5715 0.7 1.7457 1.2 0.1719 1.0 0.82 1022.6 9.4 1025.6 7.9 1031.9 14.3 1031.9 14.3 99.1 
Moecher SL17-5 16Dec17-Spot 143 1005 
1447985 6.8 13.5676 0.5 1.7921 1.1 0.1764 0.9 0.86 1047.4 8.9 1042.6 7.0 1032.5 11.1 1032.5 11.1 101.4 
Moecher SL17-5 16Dec17-Spot 17 130 
174805 6.1 13.5631 0.9 1.7920 1.2 0.1764 0.8 0.67 1047.0 7.4 1042.5 7.5 1033.2 17.5 1033.2 17.5 101.3 
Moecher SL17-5 16Dec17-Spot 81 103 
39650 2.7 13.5580 0.6 1.8391 1.1 0.1809 0.8 0.79 1072.0 8.3 1059.5 7.0 1033.9 13.1 1033.9 13.1 103.7 
Moecher SL17-5 16Dec17-Spot 310 186 
365403 3.2 13.5556 0.8 1.7262 1.2 0.1698 0.9 0.75 1010.9 8.7 1018.3 8.0 1034.3 16.7 1034.3 16.7 97.7 
Moecher SL17-5 16Dec17-Spot 185 36 
91151 2.7 13.5452 0.8 1.6972 1.3 0.1668 1.0 0.76 994.5 9.0 1007.5 8.1 1035.8 16.6 1035.8 16.6 96.0 
Moecher SL17-5 16Dec17-Spot 193 78 
50119 1.9 13.5352 1.0 1.7428 1.5 0.1712 1.1 0.75 1018.5 10.2 1024.5 9.4 1037.3 19.5 1037.3 19.5 98.2 
Moecher SL17-5 16Dec17-Spot 117 227 
125779 4.9 13.5287 0.6 1.7420 0.9 0.1710 0.6 0.70 1017.6 5.8 1024.2 5.7 1038.3 12.8 1038.3 12.8 98.0 
Moecher SL17-5 16Dec17-Spot 8 484 
501655 3.3 13.5232 0.7 1.7691 1.3 0.1736 1.0 0.82 1031.8 9.9 1034.2 8.2 1039.1 14.6 1039.1 14.6 99.3 
Moecher SL17-5 16Dec17-Spot 77 41 
33602 2.3 13.5147 1.2 1.8606 1.5 0.1825 1.0 0.64 1080.4 9.7 1067.2 10.0 1040.4 23.6 1040.4 23.6 103.8 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 102 42 
39658 1.6 13.5097 1.1 1.7231 1.6 0.1689 1.2 0.74 1006.1 11.2 1017.2 10.4 1041.1 21.9 1041.1 21.9 96.6 
Moecher SL17-5 16Dec17-Spot 82 85 
476572 2.5 13.4999 0.8 1.7903 1.1 0.1754 0.8 0.72 1041.6 7.9 1042.0 7.5 1042.6 16.1 1042.6 16.1 99.9 
Moecher SL17-5 16Dec17-Spot 254 482 
132927 4.4 13.4985 0.5 1.8117 1.1 0.1774 0.9 0.89 1053.0 9.2 1049.7 6.9 1042.9 9.6 1042.9 9.6 101.0 
Moecher SL17-5 16Dec17-Spot 55 54 
50943 2.5 13.4970 1.0 1.8216 1.5 0.1784 1.1 0.74 1058.2 11.0 1053.3 10.0 1043.1 20.7 1043.1 20.7 101.4 
Moecher SL17-5 16Dec17-Spot 219 93 
46186 2.3 13.4933 0.6 1.7906 1.0 0.1753 0.8 0.82 1041.3 8.1 1042.0 6.7 1043.6 11.8 1043.6 11.8 99.8 
Moecher SL17-5 16Dec17-Spot 121 164 
103188 1.8 13.4914 0.7 1.7582 1.2 0.1721 1.0 0.83 1023.7 9.5 1030.2 7.8 1043.9 13.7 1043.9 13.7 98.1 
Moecher SL17-5 16Dec17-Spot 285 63 
225641 3.3 13.4758 0.7 1.8664 1.2 0.1825 0.9 0.78 1080.6 9.4 1069.3 8.0 1046.2 15.1 1046.2 15.1 103.3 
Moecher SL17-5 16Dec17-Spot 251 276 
271066 3.0 13.4573 0.7 1.8267 1.2 0.1784 1.0 0.83 1058.0 9.6 1055.1 7.7 1049.0 13.2 1049.0 13.2 100.9 
Moecher SL17-5 16Dec17-Spot 74 160 
81630616 2.8 13.4551 0.7 1.8600 1.3 0.1816 1.1 0.84 1075.7 10.9 1067.0 8.6 1049.3 14.2 1049.3 14.2 102.5 
Moecher SL17-5 16Dec17-Spot 269 249 
87919 0.9 13.4391 0.8 1.7866 1.2 0.1742 0.9 0.74 1035.3 8.6 1040.6 7.8 1051.7 16.2 1051.7 16.2 98.4 
Moecher SL17-5 16Dec17-Spot 164 21 
7499 1.3 13.4389 1.5 1.8641 1.8 0.1818 0.9 0.52 1076.6 9.2 1068.4 11.7 1051.8 30.3 1051.8 30.3 102.4 
Moecher SL17-5 16Dec17-Spot 46 236 
104973 1.7 13.4282 0.7 1.8488 1.3 0.1801 1.2 0.86 1067.7 11.4 1063.0 8.9 1053.4 13.7 1053.4 13.7 101.4 
Moecher SL17-5 16Dec17-Spot 132 539 
110142 6.4 13.4223 0.7 1.8208 1.3 0.1773 1.1 0.86 1052.3 11.0 1053.0 8.7 1054.3 13.8 1054.3 13.8 99.8 
Moecher SL17-5 16Dec17-Spot 86 214 
799185 3.3 13.4201 0.5 1.8472 1.1 0.1799 0.9 0.89 1066.3 9.2 1062.4 6.9 1054.6 9.9 1054.6 9.9 101.1 
Moecher SL17-5 16Dec17-Spot 31 190 
99583 1.6 13.4066 0.7 1.9051 1.2 0.1853 1.0 0.82 1096.0 10.2 1082.9 8.2 1056.6 14.2 1056.6 14.2 103.7 
Moecher SL17-5 16Dec17-Spot 169 518 
119424 7.8 13.3926 0.7 1.7290 1.1 0.1680 0.9 0.81 1001.2 8.3 1019.4 7.1 1058.7 13.1 1058.7 13.1 94.6 
Moecher SL17-5 16Dec17-Spot 14 160 
227360 6.5 13.3841 0.6 1.8700 1.0 0.1816 0.9 0.83 1075.7 8.5 1070.5 6.8 1060.0 11.7 1060.0 11.7 101.5 
Moecher SL17-5 16Dec17-Spot 26 48 
52833 2.0 13.3683 0.8 1.8650 1.3 0.1809 1.0 0.79 1071.9 10.0 1068.8 8.4 1062.4 15.6 1062.4 15.6 100.9 
Moecher SL17-5 16Dec17-Spot 273 403 
95855 2.8 13.3653 0.5 1.8352 1.1 0.1780 0.9 0.87 1055.9 9.0 1058.1 7.0 1062.8 10.5 1062.8 10.5 99.3 
Moecher SL17-5 16Dec17-Spot 65 63 
181165 1.9 13.3652 0.9 1.8420 1.2 0.1786 0.8 0.67 1059.5 7.7 1060.6 7.7 1062.8 17.6 1062.8 17.6 99.7 
Moecher SL17-5 16Dec17-Spot 215 93 
55902 3.1 13.3585 0.9 1.8487 1.2 0.1792 0.9 0.69 1062.5 8.4 1063.0 8.2 1063.8 18.2 1063.8 18.2 99.9 
Moecher SL17-5 16Dec17-Spot 281 127 
138112 3.1 13.3450 0.7 1.8481 1.1 0.1789 0.8 0.74 1061.2 7.9 1062.7 7.2 1065.9 14.7 1065.9 14.7 99.6 
Moecher SL17-5 16Dec17-Spot 162 57 
143717 2.8 13.3373 0.9 1.8180 1.4 0.1759 1.1 0.77 1044.7 10.6 1052.0 9.4 1067.0 18.5 1067.0 18.5 97.9 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 303 43 
35062 4.2 13.3359 1.0 1.8967 1.5 0.1835 1.2 0.76 1086.2 11.7 1079.9 10.3 1067.3 20.2 1067.3 20.2 101.8 
Moecher SL17-5 16Dec17-Spot 155 146 
111618 3.2 13.3313 0.8 1.8681 1.3 0.1807 1.1 0.80 1070.8 10.5 1069.8 8.8 1068.0 16.3 1068.0 16.3 100.3 
Moecher SL17-5 16Dec17-Spot 257 449 
88761 8.8 13.3268 0.8 1.8814 1.5 0.1819 1.2 0.82 1077.5 11.9 1074.6 9.6 1068.6 16.5 1068.6 16.5 100.8 
Moecher SL17-5 16Dec17-Spot 279 36 
126384 1.4 13.3145 1.0 1.8226 1.6 0.1761 1.2 0.75 1045.5 11.4 1053.6 10.2 1070.5 20.6 1070.5 20.6 97.7 
Moecher SL17-5 16Dec17-Spot 44 219 
933838 1.3 13.3138 0.8 1.8442 1.3 0.1782 1.1 0.80 1056.9 10.5 1061.4 8.9 1070.6 16.2 1070.6 16.2 98.7 
Moecher SL17-5 16Dec17-Spot 111 184 
80952 1.8 13.3019 0.7 1.8322 1.1 0.1768 0.8 0.77 1049.7 8.2 1057.1 7.2 1072.4 14.1 1072.4 14.1 97.9 
Moecher SL17-5 16Dec17-Spot 314 145 
117601 2.7 13.2574 0.7 1.8587 1.3 0.1788 1.1 0.85 1060.4 11.2 1066.5 8.9 1079.1 14.2 1079.1 14.2 98.3 
Moecher SL17-5 16Dec17-Spot 116 39 
98292 2.1 13.2529 1.0 1.8757 1.5 0.1804 1.1 0.74 1069.0 10.8 1072.5 9.9 1079.8 20.1 1079.8 20.1 99.0 
Moecher SL17-5 16Dec17-Spot 300 205 
109885 4.0 13.2471 0.6 1.8118 1.3 0.1742 1.1 0.89 1034.9 10.6 1049.7 8.2 1080.6 11.6 1080.6 11.6 95.8 
Moecher SL17-5 16Dec17-Spot 291 182 
191965 1.4 13.2153 0.8 1.8360 1.4 0.1761 1.1 0.80 1045.4 10.7 1058.4 9.2 1085.5 16.8 1085.5 16.8 96.3 
Moecher SL17-5 16Dec17-Spot 59 590 
411121 4.1 13.2060 0.8 1.8414 1.4 0.1764 1.2 0.83 1047.5 11.5 1060.3 9.5 1086.9 16.2 1086.9 16.2 96.4 
Moecher SL17-5 16Dec17-Spot 184 1181 
229797 12.9 13.2022 0.6 1.9151 1.0 0.1835 0.9 0.83 1085.8 8.7 1086.4 7.0 1087.5 11.6 1087.5 11.6 99.8 
Moecher SL17-5 16Dec17-Spot 123 249 
129803 2.9 13.1890 0.6 1.8903 1.2 0.1809 1.0 0.88 1071.9 10.2 1077.7 7.8 1089.4 11.3 1089.4 11.3 98.4 
Moecher SL17-5 16Dec17-Spot 136 90 
45712 4.8 13.1564 0.9 1.8910 1.4 0.1805 1.1 0.77 1069.8 10.9 1077.9 9.5 1094.4 18.1 1094.4 18.1 97.8 
Moecher SL17-5 16Dec17-Spot 47 39 
638125 1.3 13.1401 1.1 1.8574 1.5 0.1771 1.0 0.68 1051.1 9.6 1066.1 9.6 1096.9 21.3 1096.9 21.3 95.8 
Moecher SL17-5 16Dec17-Spot 83 232 
431989 12.5 13.1239 0.8 1.9279 1.1 0.1836 0.8 0.70 1086.5 7.8 1090.8 7.4 1099.4 15.8 1099.4 15.8 98.8 
Moecher SL17-5 16Dec17-Spot 228 278 
288988 5.2 13.1175 0.5 1.9431 1.1 0.1849 1.0 0.90 1093.9 9.9 1096.1 7.3 1100.4 9.6 1100.4 9.6 99.4 
Moecher SL17-5 16Dec17-Spot 223 22 
54016 1.3 13.0897 0.9 2.0195 1.4 0.1918 1.1 0.76 1131.1 10.9 1122.1 9.5 1104.6 18.2 1104.6 18.2 102.4 
Moecher SL17-5 16Dec17-Spot 264 39 
22630 2.2 13.0713 0.9 1.9411 1.3 0.1841 0.9 0.71 1089.4 9.1 1095.4 8.5 1107.4 17.9 1107.4 17.9 98.4 
Moecher SL17-5 16Dec17-Spot 122 96 
75589 1.7 13.0600 0.8 1.9647 1.3 0.1862 1.1 0.81 1100.7 10.9 1103.5 9.0 1109.1 15.7 1109.1 15.7 99.2 
Moecher SL17-5 16Dec17-Spot 137 113 
60734 2.1 13.0599 0.7 1.9979 1.1 0.1893 0.9 0.80 1117.7 9.2 1114.8 7.6 1109.1 13.4 1109.1 13.4 100.8 
Moecher SL17-5 16Dec17-Spot 156 269 
853357 2.6 13.0412 0.6 2.0008 0.9 0.1893 0.7 0.78 1117.7 7.5 1115.8 6.4 1112.0 11.9 1112.0 11.9 100.5 
Moecher SL17-5 16Dec17-Spot 113 176 
152531 2.8 13.0147 0.8 1.9973 1.6 0.1886 1.3 0.86 1113.9 13.7 1114.6 10.5 1116.1 15.6 1116.1 15.6 99.8 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 299 70 
30132 1.6 13.0113 0.9 1.9402 1.5 0.1832 1.2 0.80 1084.3 12.0 1095.1 10.0 1116.6 17.8 1116.6 17.8 97.1 
Moecher SL17-5 16Dec17-Spot 85 862 
214047 3.9 12.9827 0.6 2.0768 1.0 0.1956 0.8 0.82 1151.8 8.9 1141.2 7.1 1121.0 11.9 1121.0 11.9 102.8 
Moecher SL17-5 16Dec17-Spot 90 281 
137000 4.0 12.9805 0.5 2.0333 1.4 0.1915 1.3 0.93 1129.5 13.5 1126.7 9.5 1121.3 10.1 1121.3 10.1 100.7 
Moecher SL17-5 16Dec17-Spot 205 36 
25030 4.5 12.9723 1.0 1.9233 1.4 0.1810 1.0 0.73 1072.6 10.3 1089.2 9.5 1122.6 19.4 1122.6 19.4 95.5 
Moecher SL17-5 16Dec17-Spot 209 208 
65686 5.1 12.9499 0.7 1.9171 1.2 0.1801 0.9 0.80 1067.7 9.1 1087.1 7.8 1126.0 13.9 1126.0 13.9 94.8 
Moecher SL17-5 16Dec17-Spot 42 89 
162749 2.6 12.9435 0.9 2.0482 1.5 0.1924 1.1 0.77 1134.2 11.7 1131.7 10.0 1127.0 18.6 1127.0 18.6 100.6 
Moecher SL17-5 16Dec17-Spot 29 154 
140228 2.4 12.9375 0.7 2.0923 1.2 0.1964 1.0 0.81 1156.0 10.5 1146.3 8.4 1127.9 14.3 1127.9 14.3 102.5 
Moecher SL17-5 16Dec17-Spot 179 148 
102002 3.3 12.9232 0.5 2.0432 1.0 0.1916 0.9 0.85 1130.0 9.2 1130.0 7.1 1130.2 10.8 1130.2 10.8 100.0 
Moecher SL17-5 16Dec17-Spot 216 149 
212270 3.8 12.9173 0.8 2.0936 1.1 0.1962 0.7 0.67 1155.0 7.6 1146.7 7.4 1131.0 15.8 1131.0 15.8 102.1 
Moecher SL17-5 16Dec17-Spot 203 73 
20283 3.1 12.9100 0.7 2.0229 1.1 0.1895 0.8 0.72 1118.6 7.9 1123.2 7.3 1132.2 14.8 1132.2 14.8 98.8 
Moecher SL17-5 16Dec17-Spot 191 310 
130210 4.0 12.9073 0.6 2.1157 1.1 0.1981 0.8 0.79 1165.3 8.9 1153.9 7.3 1132.6 12.8 1132.6 12.8 102.9 
Moecher SL17-5 16Dec17-Spot 147 216 
151671 4.1 12.9017 0.7 2.1084 1.4 0.1974 1.2 0.87 1161.2 12.5 1151.5 9.4 1133.4 13.6 1133.4 13.6 102.4 
Moecher SL17-5 16Dec17-Spot 312 134 
253558 2.9 12.9010 0.7 2.0815 1.1 0.1948 0.8 0.74 1147.6 8.2 1142.7 7.2 1133.6 14.1 1133.6 14.1 101.2 
Moecher SL17-5 16Dec17-Spot 211 41 
110486 2.9 12.8554 1.0 2.0596 1.5 0.1921 1.1 0.72 1132.8 10.9 1135.5 10.0 1140.6 20.2 1140.6 20.2 99.3 
Moecher SL17-5 16Dec17-Spot 57 535 
506849 2.7 12.8527 0.7 2.0751 1.2 0.1935 1.0 0.83 1140.4 10.5 1140.6 8.3 1141.0 13.4 1141.0 13.4 99.9 
Moecher SL17-5 16Dec17-Spot 119 207 
57721 3.3 12.8523 0.8 2.0734 1.2 0.1934 0.9 0.76 1139.5 9.7 1140.0 8.3 1141.1 15.8 1141.1 15.8 99.9 
Moecher SL17-5 16Dec17-Spot 27 53 
95793 1.5 12.8331 1.3 1.7206 2.3 0.1602 1.9 0.83 958.0 17.2 1016.3 15.1 1144.1 26.3 1144.1 26.3 83.7 
Moecher SL17-5 16Dec17-Spot 267 47 
118755 2.1 12.8271 1.1 2.0840 1.4 0.1940 0.9 0.64 1142.8 9.5 1143.5 9.8 1145.0 21.8 1145.0 21.8 99.8 
Moecher SL17-5 16Dec17-Spot 288 217 
62917 3.5 12.8023 0.7 2.1386 1.1 0.1987 0.9 0.80 1168.1 9.4 1161.4 7.6 1148.8 13.1 1148.8 13.1 101.7 
Moecher SL17-5 16Dec17-Spot 225 45 
109117 2.2 12.7912 0.9 2.1016 1.2 0.1951 0.8 0.68 1148.7 8.5 1149.3 8.2 1150.5 17.5 1150.5 17.5 99.8 
Moecher SL17-5 16Dec17-Spot 20 108 
145464 2.1 12.7780 0.8 2.1196 1.4 0.1965 1.2 0.82 1156.6 12.6 1155.2 10.0 1152.6 16.4 1152.6 16.4 100.3 
Moecher SL17-5 16Dec17-Spot 161 583 
144900 2.3 12.7773 0.5 2.0812 1.3 0.1929 1.2 0.92 1137.3 12.8 1142.6 9.1 1152.7 10.4 1152.7 10.4 98.7 
Moecher SL17-5 16Dec17-Spot 36 215 
388644 4.9 12.7747 0.8 2.0565 1.5 0.1906 1.3 0.86 1124.7 12.9 1134.5 10.0 1153.1 15.0 1153.1 15.0 97.5 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 182 91 
43539 2.6 12.7731 0.6 2.0493 1.0 0.1899 0.8 0.83 1121.0 8.7 1132.1 7.0 1153.4 11.4 1153.4 11.4 97.2 
Moecher SL17-5 16Dec17-Spot 15 93 
73849 2.8 12.7688 0.9 2.0872 1.3 0.1934 0.9 0.72 1139.6 9.8 1144.6 8.9 1154.0 17.9 1154.0 17.9 98.8 
Moecher SL17-5 16Dec17-Spot 206 96 
162697 3.0 12.7625 0.7 1.9387 1.4 0.1795 1.2 0.87 1064.4 11.7 1094.6 9.3 1155.0 13.7 1155.0 13.7 92.2 
Moecher SL17-5 16Dec17-Spot 245 25 
7584 3.5 12.7384 0.9 2.1947 1.2 0.2029 0.8 0.66 1190.6 8.6 1179.4 8.4 1158.7 17.9 1158.7 17.9 102.8 
Moecher SL17-5 16Dec17-Spot 308 226 
103709 3.7 12.7150 0.8 2.0992 1.1 0.1937 0.8 0.73 1141.2 8.5 1148.6 7.7 1162.4 15.1 1162.4 15.1 98.2 
Moecher SL17-5 16Dec17-Spot 224 252 
133314 2.0 12.7146 0.8 2.0978 1.5 0.1935 1.3 0.84 1140.5 13.6 1148.1 10.6 1162.4 16.5 1162.4 16.5 98.1 
Moecher SL17-5 16Dec17-Spot 229 108 
59456 3.9 12.6543 0.8 2.1302 1.3 0.1956 1.0 0.78 1151.6 10.8 1158.7 9.1 1171.9 16.2 1171.9 16.2 98.3 
Moecher SL17-5 16Dec17-Spot 91 106 
115441 2.1 12.6518 0.7 2.1416 1.3 0.1966 1.0 0.84 1157.0 11.1 1162.3 8.7 1172.3 13.6 1172.3 13.6 98.7 
Moecher SL17-5 16Dec17-Spot 293 297 
96811 4.2 12.6305 0.8 2.1566 1.4 0.1976 1.2 0.85 1162.7 13.0 1167.2 10.0 1175.6 15.2 1175.6 15.2 98.9 
Moecher SL17-5 16Dec17-Spot 195 156 
124334 2.1 12.6240 0.7 2.1326 1.1 0.1953 0.8 0.75 1150.2 8.6 1159.4 7.5 1176.6 14.2 1176.6 14.2 97.8 
Moecher SL17-5 16Dec17-Spot 230 184 
63756 4.0 12.6183 0.8 2.1104 1.3 0.1932 1.1 0.81 1138.8 11.3 1152.2 9.3 1177.5 15.8 1177.5 15.8 96.7 
Moecher SL17-5 16Dec17-Spot 6 224 
110037 2.8 12.5946 0.5 2.1572 1.1 0.1971 1.0 0.89 1159.9 10.6 1167.4 7.8 1181.3 10.2 1181.3 10.2 98.2 
Moecher SL17-5 16Dec17-Spot 38 162 
221302 2.7 12.5498 0.6 2.2157 1.2 0.2018 1.1 0.88 1184.8 11.9 1186.0 8.7 1188.3 11.5 1188.3 11.5 99.7 
Moecher SL17-5 16Dec17-Spot 11 201 
98737 1.8 12.5121 0.7 2.2146 1.3 0.2011 1.1 0.86 1181.0 12.2 1185.7 9.1 1194.2 12.9 1194.2 12.9 98.9 
Moecher SL17-5 16Dec17-Spot 135 26 
3251464 2.6 12.5016 1.6 1.8804 2.0 0.1706 1.1 0.57 1015.3 10.6 1074.2 13.2 1195.9 32.4 1195.9 32.4 84.9 
Moecher SL17-5 16Dec17-Spot 272 91 
116587 4.6 12.4726 0.8 2.1830 1.2 0.1976 0.9 0.77 1162.2 9.7 1175.6 8.3 1200.4 14.8 1200.4 14.8 96.8 
Moecher SL17-5 16Dec17-Spot 96 68 
90129 2.6 12.4576 0.8 2.1932 1.4 0.1982 1.2 0.83 1165.9 12.7 1178.9 10.0 1202.8 15.6 1202.8 15.6 96.9 
Moecher SL17-5 16Dec17-Spot 34 43 
73827 0.9 12.4193 0.8 2.2307 1.4 0.2010 1.1 0.82 1180.8 12.3 1190.7 9.7 1208.9 15.6 1208.9 15.6 97.7 
Moecher SL17-5 16Dec17-Spot 260 171 
100417 3.0 12.4085 0.8 2.3308 1.2 0.2098 0.9 0.77 1228.0 10.6 1221.7 8.7 1210.6 15.5 1210.6 15.5 101.4 
Moecher SL17-5 16Dec17-Spot 309 55 
178460 6.3 12.3686 0.7 2.3240 1.1 0.2086 0.8 0.72 1221.2 8.7 1219.7 7.7 1216.9 14.7 1216.9 14.7 100.3 
Moecher SL17-5 16Dec17-Spot 153 142 
131705 4.2 12.3149 0.7 2.1518 1.2 0.1923 1.0 0.82 1133.7 10.4 1165.6 8.4 1225.5 13.6 1225.5 13.6 92.5 
Moecher SL17-5 16Dec17-Spot 22 41 
26826 2.5 12.2586 1.1 2.3670 1.6 0.2105 1.1 0.71 1231.7 12.8 1232.7 11.4 1234.5 22.0 1234.5 22.0 99.8 
Moecher SL17-5 16Dec17-Spot 180 159 
28058 3.8 12.2047 0.6 2.3555 1.1 0.2086 0.9 0.82 1221.3 10.4 1229.2 8.1 1243.1 12.7 1243.1 12.7 98.2 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 107 53 
156282 2.8 12.1850 0.8 2.3699 1.3 0.2095 1.0 0.75 1226.3 10.7 1233.6 9.1 1246.3 16.5 1246.3 16.5 98.4 
Moecher SL17-5 16Dec17-Spot 198 34 
54714 2.6 12.1652 1.0 2.3710 1.4 0.2093 0.9 0.68 1225.0 10.6 1233.9 10.0 1249.5 20.0 1249.5 20.0 98.0 
Moecher SL17-5 16Dec17-Spot 80 71 
38806 2.7 12.1498 0.8 2.3818 1.3 0.2100 1.0 0.79 1228.7 11.2 1237.2 9.1 1251.9 15.3 1251.9 15.3 98.1 
Moecher SL17-5 16Dec17-Spot 176 399 
240625 3.2 12.0196 0.4 2.4819 0.9 0.2165 0.8 0.89 1263.1 9.4 1266.8 6.7 1273.0 8.4 1273.0 8.4 99.2 
Moecher SL17-5 16Dec17-Spot 88 118 
87221 1.5 12.0100 0.7 2.5163 1.1 0.2193 0.9 0.76 1278.1 10.0 1276.8 8.2 1274.5 14.1 1274.5 14.1 100.3 
Moecher SL17-5 16Dec17-Spot 168 521 
25523 3.7 11.9705 1.0 2.2494 1.4 0.1954 1.0 0.70 1150.4 10.2 1196.6 9.7 1281.0 19.1 1281.0 19.1 89.8 
Moecher SL17-5 16Dec17-Spot 58 177 
251091 2.0 11.9175 0.8 2.5477 1.3 0.2203 1.0 0.77 1283.5 11.8 1285.8 9.6 1289.6 16.4 1289.6 16.4 99.5 
Moecher SL17-5 16Dec17-Spot 28 105 
295230 4.9 11.9072 0.7 2.7050 1.3 0.2337 1.1 0.86 1353.9 13.7 1329.8 9.6 1291.3 12.9 1291.3 12.9 104.8 
Moecher SL17-5 16Dec17-Spot 114 111 
68689 2.1 11.8774 0.9 2.4298 1.5 0.2094 1.2 0.80 1225.6 13.2 1251.5 10.6 1296.2 17.0 1296.2 17.0 94.6 
Moecher SL17-5 16Dec17-Spot 305 506 
164705 4.5 11.8731 0.7 2.5158 1.5 0.2167 1.3 0.87 1264.6 14.8 1276.6 10.7 1296.9 13.9 1296.9 13.9 97.5 
Moecher SL17-5 16Dec17-Spot 87 219 
99200 3.0 11.8290 0.7 2.6930 1.3 0.2311 1.1 0.85 1340.5 13.5 1326.5 9.7 1304.1 13.2 1304.1 13.2 102.8 
Moecher SL17-5 16Dec17-Spot 276 42 
62223 1.4 11.8164 0.8 2.6380 1.3 0.2262 1.1 0.81 1314.4 12.5 1311.3 9.6 1306.2 14.8 1306.2 14.8 100.6 
Moecher SL17-5 16Dec17-Spot 311 85 
492334 3.8 11.7861 0.8 2.5382 1.5 0.2171 1.2 0.83 1266.3 14.2 1283.1 10.8 1311.2 16.0 1311.2 16.0 96.6 
Moecher SL17-5 16Dec17-Spot 50 124 
96934 3.1 11.7461 0.7 2.5788 1.2 0.2198 1.0 0.83 1280.7 11.6 1294.6 8.8 1317.8 13.0 1317.8 13.0 97.2 
Moecher SL17-5 16Dec17-Spot 243 260 
329574 12.1 11.7012 0.6 2.6316 1.4 0.2234 1.3 0.89 1300.0 15.1 1309.5 10.6 1325.2 12.6 1325.2 12.6 98.1 
Moecher SL17-5 16Dec17-Spot 292 106 
384078 3.8 11.6935 0.8 2.6541 1.2 0.2252 0.9 0.76 1309.3 10.6 1315.8 8.7 1326.4 14.9 1326.4 14.9 98.7 
Moecher SL17-5 16Dec17-Spot 261 53 
36850 2.6 11.6874 0.9 2.6370 1.4 0.2236 1.0 0.74 1301.0 12.3 1311.0 10.4 1327.5 18.3 1327.5 18.3 98.0 
Moecher SL17-5 16Dec17-Spot 192 555 
116847 1.1 11.6797 0.5 2.6264 1.1 0.2226 0.9 0.87 1295.5 10.9 1308.1 7.9 1328.7 10.3 1328.7 10.3 97.5 
Moecher SL17-5 16Dec17-Spot 151 169 
75713 3.2 11.6675 0.6 2.6878 1.3 0.2275 1.1 0.86 1321.6 13.1 1325.1 9.4 1330.7 12.4 1330.7 12.4 99.3 
Moecher SL17-5 16Dec17-Spot 247 73 
45636 3.3 11.5914 0.9 2.6396 1.4 0.2220 1.1 0.80 1292.5 13.3 1311.7 10.5 1343.4 16.6 1343.4 16.6 96.2 
Moecher SL17-5 16Dec17-Spot 246 84 
255874 3.0 11.5686 0.7 2.7871 1.2 0.2339 1.0 0.80 1355.2 11.7 1352.1 9.0 1347.2 14.0 1347.2 14.0 100.6 
Moecher SL17-5 16Dec17-Spot 298 111 
152331 3.4 11.5238 0.8 2.7159 1.4 0.2271 1.2 0.83 1319.2 14.2 1332.8 10.6 1354.7 15.3 1354.7 15.3 97.4 
Moecher SL17-5 16Dec17-Spot 67 52 
21369 1.9 11.4605 0.8 2.7800 1.4 0.2312 1.1 0.81 1340.6 13.7 1350.2 10.5 1365.3 15.9 1365.3 15.9 98.2 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 289 103 
60755 3.2 11.4552 0.7 2.8459 1.0 0.2365 0.8 0.76 1368.7 9.8 1367.7 7.8 1366.2 13.0 1366.2 13.0 100.2 
Moecher SL17-5 16Dec17-Spot 163 230 
161852 4.1 11.4210 0.7 2.9184 1.2 0.2418 1.0 0.82 1396.3 12.6 1386.7 9.2 1371.9 13.3 1371.9 13.3 101.8 
Moecher SL17-5 16Dec17-Spot 277 105 
155439 2.5 11.3222 0.8 2.8923 1.2 0.2376 0.9 0.75 1374.3 11.0 1379.9 8.9 1388.6 15.1 1388.6 15.1 99.0 
Moecher SL17-5 16Dec17-Spot 268 317 
76138 2.6 11.0898 0.6 2.8514 1.0 0.2294 0.9 0.84 1331.6 10.3 1369.2 7.7 1428.3 10.7 1428.3 10.7 93.2 
Moecher SL17-5 16Dec17-Spot 212 316 
150701 3.8 11.0019 0.6 3.1255 1.2 0.2495 1.0 0.87 1435.9 13.4 1439.0 9.2 1443.5 11.3 1443.5 11.3 99.5 
Moecher SL17-5 16Dec17-Spot 23 65 
82086 1.9 10.9924 0.7 3.1126 1.4 0.2483 1.2 0.86 1429.5 15.3 1435.8 10.6 1445.2 13.3 1445.2 13.3 98.9 
Moecher SL17-5 16Dec17-Spot 115 114 
144319 2.4 10.9907 0.8 3.0394 1.2 0.2424 0.9 0.76 1399.1 11.2 1417.6 9.0 1445.5 14.6 1445.5 14.6 96.8 
Moecher SL17-5 16Dec17-Spot 301 180 
116409 1.6 10.9606 0.9 3.0109 1.6 0.2395 1.4 0.84 1383.8 16.9 1410.4 12.3 1450.7 16.7 1450.7 16.7 95.4 
Moecher SL17-5 16Dec17-Spot 103 215 
76220 3.6 10.9560 0.8 3.1545 1.4 0.2508 1.1 0.79 1442.4 13.9 1446.1 10.5 1451.5 15.7 1451.5 15.7 99.4 
Moecher SL17-5 16Dec17-Spot 278 282 
216964 1.9 10.9378 0.5 3.1772 1.5 0.2522 1.5 0.95 1449.6 18.9 1451.6 11.8 1454.6 9.3 1454.6 9.3 99.7 
Moecher SL17-5 16Dec17-Spot 307 182 
1172947 6.0 10.9368 0.6 3.1318 1.3 0.2485 1.2 0.89 1430.9 15.2 1440.5 10.2 1454.8 11.5 1454.8 11.5 98.4 
Moecher SL17-5 16Dec17-Spot 270 100 
128872 1.8 10.9337 0.8 3.1883 1.2 0.2529 0.9 0.74 1453.6 11.7 1454.3 9.4 1455.4 15.5 1455.4 15.5 99.9 
Moecher SL17-5 16Dec17-Spot 134 58 
241470 2.3 10.9178 0.7 3.2262 1.3 0.2556 1.0 0.82 1467.2 13.6 1463.5 9.8 1458.1 13.7 1458.1 13.7 100.6 
Moecher SL17-5 16Dec17-Spot 252 151 
373070 2.7 10.8887 0.6 3.0145 1.1 0.2382 0.9 0.83 1377.1 11.5 1411.3 8.5 1463.2 12.0 1463.2 12.0 94.1 
Moecher SL17-5 16Dec17-Spot 226 118 
101094 1.8 10.8641 0.7 3.3605 1.2 0.2649 1.0 0.80 1514.9 13.5 1495.2 9.7 1467.5 14.1 1467.5 14.1 103.2 
Moecher SL17-5 16Dec17-Spot 89 48 
107841 3.8 10.8451 1.0 3.3598 1.3 0.2644 1.0 0.71 1512.2 12.8 1495.1 10.5 1470.8 18.1 1470.8 18.1 102.8 
Moecher SL17-5 16Dec17-Spot 154 118 
66683 3.7 10.8155 0.8 3.1963 1.2 0.2508 1.0 0.78 1442.8 12.3 1456.3 9.4 1476.0 14.5 1476.0 14.5 97.7 
Moecher SL17-5 16Dec17-Spot 280 285 
162027 2.9 10.8046 0.7 3.2836 1.3 0.2574 1.1 0.85 1476.6 14.2 1477.2 9.9 1477.9 12.6 1477.9 12.6 99.9 
Moecher SL17-5 16Dec17-Spot 222 45 
31427 2.1 10.7812 0.7 3.2930 1.4 0.2576 1.2 0.85 1477.5 15.3 1479.4 10.6 1482.0 13.8 1482.0 13.8 99.7 
Moecher SL17-5 16Dec17-Spot 159 106 
72223 1.8 10.7612 0.7 3.3323 1.1 0.2602 0.8 0.74 1490.8 10.7 1488.6 8.4 1485.6 13.7 1485.6 13.7 100.4 
Moecher SL17-5 16Dec17-Spot 69 72 
96841 1.1 10.7526 0.7 3.3228 1.3 0.2592 1.0 0.82 1486.0 13.6 1486.4 9.8 1487.1 13.5 1487.1 13.5 99.9 
Moecher SL17-5 16Dec17-Spot 108 38 
992044 2.1 10.6949 1.8 3.2875 2.6 0.2551 1.9 0.74 1464.8 25.1 1478.1 20.2 1497.3 33.2 1497.3 33.2 97.8 
Moecher SL17-5 16Dec17-Spot 232 255 
884175 4.3 10.6689 0.8 3.3411 1.6 0.2586 1.4 0.86 1482.9 18.2 1490.7 12.5 1501.8 15.5 1501.8 15.5 98.7 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 239 306 
74910 0.9 10.6619 0.8 3.3773 1.4 0.2613 1.2 0.84 1496.3 15.7 1499.1 11.1 1503.1 14.6 1503.1 14.6 99.6 
Moecher SL17-5 16Dec17-Spot 214 108 
819667 8.8 10.6596 0.6 3.2864 1.0 0.2542 0.8 0.79 1460.0 10.2 1477.8 7.7 1503.5 11.5 1503.5 11.5 97.1 
Moecher SL17-5 16Dec17-Spot 235 79 
58121 2.6 10.6362 0.7 3.3276 1.2 0.2568 0.9 0.78 1473.5 12.0 1487.5 9.1 1507.7 13.8 1507.7 13.8 97.7 
Moecher SL17-5 16Dec17-Spot 175 422 
311722 4.2 10.6081 0.6 3.3781 1.1 0.2600 0.9 0.83 1489.9 12.0 1499.3 8.6 1512.6 11.6 1512.6 11.6 98.5 
Moecher SL17-5 16Dec17-Spot 283 200 
300342 2.9 10.6001 0.7 3.4283 1.2 0.2637 0.9 0.81 1508.6 12.5 1510.9 9.1 1514.1 12.9 1514.1 12.9 99.6 
Moecher SL17-5 16Dec17-Spot 72 130 
192230 2.2 10.5847 0.8 3.5812 1.5 0.2750 1.2 0.84 1566.3 17.1 1545.4 11.7 1516.8 15.2 1516.8 15.2 103.3 
Moecher SL17-5 16Dec17-Spot 258 51 
187238 1.0 10.5801 0.8 3.1208 1.3 0.2396 1.0 0.80 1384.5 12.7 1437.8 9.8 1517.6 14.2 1517.6 14.2 91.2 
Moecher SL17-5 16Dec17-Spot 167 46 
37811 3.6 10.5727 0.9 3.3711 1.3 0.2586 1.0 0.76 1482.7 13.2 1497.7 10.3 1519.0 16.3 1519.0 16.3 97.6 
Moecher SL17-5 16Dec17-Spot 201 210 
151621 3.0 10.5647 0.7 3.4194 1.2 0.2621 1.0 0.83 1500.7 13.7 1508.9 9.7 1520.4 12.9 1520.4 12.9 98.7 
Moecher SL17-5 16Dec17-Spot 166 141 
232115 1.0 10.5029 0.7 3.3351 1.3 0.2542 1.1 0.83 1459.9 14.5 1489.3 10.4 1531.4 13.9 1531.4 13.9 95.3 
Moecher SL17-5 16Dec17-Spot 187 75 
61774 0.9 10.4849 0.7 3.2811 1.3 0.2496 1.1 0.83 1436.5 14.2 1476.6 10.3 1534.6 13.7 1534.6 13.7 93.6 
Moecher SL17-5 16Dec17-Spot 231 226 
91216 1.0 10.3495 1.2 3.6704 2.6 0.2756 2.2 0.88 1569.3 31.2 1564.9 20.4 1559.1 22.8 1559.1 22.8 100.7 
Moecher SL17-5 16Dec17-Spot 120 95 
239310 1.8 10.2417 0.7 3.6298 1.4 0.2697 1.2 0.85 1539.5 16.2 1556.1 11.0 1578.7 13.4 1578.7 13.4 97.5 
Moecher SL17-5 16Dec17-Spot 241 36 
68567 2.0 10.1789 0.7 3.8720 1.2 0.2860 1.0 0.81 1621.4 14.0 1607.9 9.8 1590.2 13.4 1590.2 13.4 102.0 
Moecher SL17-5 16Dec17-Spot 197 42 
267780 0.8 10.1546 0.9 3.6381 1.3 0.2681 0.9 0.73 1530.9 12.7 1557.9 10.2 1594.7 16.3 1594.7 16.3 96.0 
Moecher SL17-5 16Dec17-Spot 173 164 
126220 2.2 10.1482 0.6 3.8232 1.1 0.2815 0.9 0.84 1599.0 13.2 1597.6 8.9 1595.8 11.4 1595.8 11.4 100.2 
Moecher SL17-5 16Dec17-Spot 75 100 
162731 2.8 10.1073 0.7 3.8744 1.1 0.2841 0.8 0.77 1612.2 11.7 1608.4 8.6 1603.4 12.7 1603.4 12.7 100.5 
Moecher SL17-5 16Dec17-Spot 160 200 
131457 0.9 10.0594 0.5 3.9208 0.8 0.2862 0.6 0.79 1622.4 8.8 1618.0 6.3 1612.2 8.8 1612.2 8.8 100.6 
Moecher SL17-5 16Dec17-Spot 240 89 
73216 5.3 10.0498 1.1 3.5749 1.5 0.2607 1.0 0.67 1493.3 12.9 1544.0 11.5 1614.0 20.1 1614.0 20.1 92.5 
Moecher SL17-5 16Dec17-Spot 70 96 
531134 1.1 10.0373 0.8 3.9069 1.2 0.2845 0.9 0.74 1614.2 12.7 1615.1 9.7 1616.3 15.0 1616.3 15.0 99.9 
Moecher SL17-5 16Dec17-Spot 265 65 
4835095 1.1 10.0309 0.8 3.7647 1.2 0.2740 0.9 0.75 1561.1 12.8 1585.3 9.9 1617.5 15.3 1617.5 15.3 96.5 
Moecher SL17-5 16Dec17-Spot 238 89 
118919 1.2 10.0276 0.7 3.9825 1.3 0.2898 1.1 0.86 1640.3 16.4 1630.6 10.7 1618.1 12.4 1618.1 12.4 101.4 
Moecher SL17-5 16Dec17-Spot 263 94 
116632 1.3 10.0081 0.7 3.8441 1.2 0.2791 0.9 0.80 1587.1 13.4 1602.0 9.5 1621.7 13.1 1621.7 13.1 97.9 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 234 57 
169424 1.9 9.9607 0.9 3.8873 1.4 0.2809 1.1 0.78 1596.1 15.6 1611.1 11.3 1630.6 16.2 1630.6 16.2 97.9 
Moecher SL17-5 16Dec17-Spot 174 184 
263707 4.0 9.9523 0.6 3.9953 1.0 0.2885 0.8 0.83 1634.1 12.1 1633.2 8.2 1632.2 10.3 1632.2 10.3 100.1 
Moecher SL17-5 16Dec17-Spot 118 205 
199344 1.8 9.9450 0.6 4.0196 1.3 0.2901 1.1 0.89 1641.8 16.1 1638.2 10.2 1633.5 10.8 1633.5 10.8 100.5 
Moecher SL17-5 16Dec17-Spot 262 243 
193702 2.1 9.9331 0.5 3.9653 1.1 0.2858 1.0 0.90 1620.5 14.2 1627.1 8.9 1635.7 9.1 1635.7 9.1 99.1 
Moecher SL17-5 16Dec17-Spot 253 127 
125197 1.5 9.9248 0.7 4.0016 1.2 0.2882 0.9 0.79 1632.4 13.7 1634.5 9.8 1637.3 13.7 1637.3 13.7 99.7 
Moecher SL17-5 16Dec17-Spot 177 159 
96938 1.9 9.9058 0.6 4.0383 1.1 0.2903 0.9 0.82 1642.8 13.2 1641.9 9.0 1640.8 11.9 1640.8 11.9 100.1 
Moecher SL17-5 16Dec17-Spot 199 249 
1431057 0.7 9.8910 0.5 4.0084 1.0 0.2877 0.8 0.86 1629.9 11.8 1635.9 7.7 1643.6 8.9 1643.6 8.9 99.2 
Moecher SL17-5 16Dec17-Spot 18 169 
3932522 1.6 9.8782 0.6 3.9595 1.3 0.2838 1.1 0.89 1610.4 16.0 1625.9 10.2 1646.0 10.6 1646.0 10.6 97.8 
Moecher SL17-5 16Dec17-Spot 95 130 
92247 5.4 9.8667 0.9 3.9911 1.6 0.2857 1.3 0.82 1620.1 18.3 1632.4 12.7 1648.2 16.6 1648.2 16.6 98.3 
Moecher SL17-5 16Dec17-Spot 256 171 
3023256 1.5 9.8601 0.6 3.9985 1.0 0.2861 0.8 0.81 1621.9 11.9 1633.9 8.3 1649.4 11.2 1649.4 11.2 98.3 
Moecher SL17-5 16Dec17-Spot 296 114 
102786 1.1 9.8496 0.6 4.0615 1.5 0.2903 1.3 0.90 1642.9 19.3 1646.6 12.0 1651.4 11.8 1651.4 11.8 99.5 
Moecher SL17-5 16Dec17-Spot 19 82 
82068 1.4 9.8463 0.7 3.9355 1.3 0.2812 1.1 0.83 1597.2 15.4 1621.0 10.6 1652.0 13.4 1652.0 13.4 96.7 
Moecher SL17-5 16Dec17-Spot 297 145 
233318 1.7 9.8450 0.7 4.1769 1.1 0.2984 0.8 0.76 1683.2 12.6 1669.5 9.1 1652.3 13.3 1652.3 13.3 101.9 
Moecher SL17-5 16Dec17-Spot 9 163 
123520 3.7 9.8192 0.8 4.0812 1.5 0.2908 1.3 0.84 1645.4 18.7 1650.6 12.5 1657.1 15.6 1657.1 15.6 99.3 
Moecher SL17-5 16Dec17-Spot 21 62 
48700 1.1 9.8072 0.8 3.9776 1.3 0.2830 1.0 0.78 1606.7 14.8 1629.6 10.8 1659.4 15.5 1659.4 15.5 96.8 
Moecher SL17-5 16Dec17-Spot 30 105 
112180 1.3 9.7900 0.8 4.0515 1.1 0.2878 0.9 0.75 1630.5 12.5 1644.6 9.4 1662.6 14.0 1662.6 14.0 98.1 
Moecher SL17-5 16Dec17-Spot 43 140 
120477 1.3 9.7710 0.7 4.2190 1.3 0.2991 1.0 0.81 1686.9 15.2 1677.7 10.3 1666.2 13.6 1666.2 13.6 101.2 
Moecher SL17-5 16Dec17-Spot 146 142 
348810 1.5 9.7607 0.6 4.2156 1.2 0.2986 1.1 0.89 1684.2 15.8 1677.1 9.9 1668.2 10.4 1668.2 10.4 101.0 
Moecher SL17-5 16Dec17-Spot 287 178 
983110 2.0 9.7297 0.6 4.0180 1.5 0.2837 1.4 0.91 1609.8 19.8 1637.8 12.5 1674.1 11.8 1674.1 11.8 96.2 
Moecher SL17-5 16Dec17-Spot 284 176 
660136 1.2 9.7188 0.6 4.1021 1.3 0.2893 1.2 0.89 1637.9 16.7 1654.7 10.6 1676.1 10.9 1676.1 10.9 97.7 
Moecher SL17-5 16Dec17-Spot 60 284 
398354 1.8 9.7027 0.7 4.2658 1.3 0.3003 1.0 0.83 1692.9 15.5 1686.8 10.3 1679.2 13.0 1679.2 13.0 100.8 
Moecher SL17-5 16Dec17-Spot 128 115 
54905 1.9 9.6164 1.0 3.8081 1.6 0.2657 1.3 0.80 1519.0 17.4 1594.5 12.9 1695.7 17.9 1695.7 17.9 89.6 
Moecher SL17-5 16Dec17-Spot 73 664 
171848 1.6 9.5723 0.7 4.0365 1.2 0.2804 1.0 0.81 1593.2 13.4 1641.6 9.6 1704.1 12.7 1704.1 12.7 93.5 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 129 102 
21853 1.7 9.5263 0.9 4.1583 1.5 0.2874 1.2 0.81 1628.6 17.8 1665.8 12.6 1713.0 16.7 1713.0 16.7 95.1 
Moecher SL17-5 16Dec17-Spot 40 151 
137487 1.8 9.4492 0.7 4.3934 0.9 0.3012 0.6 0.67 1697.4 8.7 1711.1 7.2 1727.9 12.0 1727.9 12.0 98.2 
Moecher SL17-5 16Dec17-Spot 157 337 
191348 2.7 9.4354 0.6 4.2889 1.4 0.2936 1.3 0.89 1659.6 18.3 1691.2 11.6 1730.6 11.8 1730.6 11.8 95.9 
Moecher SL17-5 16Dec17-Spot 255 329 
1922078 3.3 9.4236 0.6 4.5870 1.2 0.3136 1.1 0.89 1758.6 17.0 1746.9 10.4 1732.9 10.6 1732.9 10.6 101.5 
Moecher SL17-5 16Dec17-Spot 99 52 
66076 5.0 9.4050 0.8 4.6215 1.4 0.3154 1.1 0.82 1767.1 17.3 1753.2 11.4 1736.5 14.1 1736.5 14.1 101.8 
Moecher SL17-5 16Dec17-Spot 165 432 
1383750 12.7 9.4038 0.6 4.4889 1.3 0.3063 1.2 0.89 1722.4 17.6 1728.9 10.9 1736.8 10.9 1736.8 10.9 99.2 
Moecher SL17-5 16Dec17-Spot 33 181 
244766 3.3 9.3848 0.7 4.4694 1.1 0.3043 0.9 0.79 1712.8 13.2 1725.3 9.3 1740.5 12.6 1740.5 12.6 98.4 
Moecher SL17-5 16Dec17-Spot 131 191 
223510 3.0 9.3646 0.7 4.4387 1.1 0.3016 0.9 0.78 1699.3 12.8 1719.6 9.1 1744.4 12.5 1744.4 12.5 97.4 
Moecher SL17-5 16Dec17-Spot 315 134 
153484 2.4 9.3221 0.7 4.6326 1.1 0.3133 0.9 0.78 1757.2 13.6 1755.2 9.4 1752.8 12.9 1752.8 12.9 100.3 
Moecher SL17-5 16Dec17-Spot 266 173 
152521 8.9 9.2992 0.8 4.5377 1.3 0.3062 1.0 0.77 1721.9 14.7 1737.9 10.5 1757.3 14.8 1757.3 14.8 98.0 
Moecher SL17-5 16Dec17-Spot 45 204 
1116094 3.9 9.2291 0.9 4.8079 1.6 0.3220 1.3 0.83 1799.3 20.7 1786.3 13.4 1771.1 16.1 1771.1 16.1 101.6 
Moecher SL17-5 16Dec17-Spot 286 763 
286466 5.3 9.2212 0.6 4.5447 1.1 0.3041 0.9 0.83 1711.5 13.5 1739.2 9.1 1772.7 11.2 1772.7 11.2 96.5 
Moecher SL17-5 16Dec17-Spot 61 393 
659450 5.0 9.2042 0.5 4.7696 1.4 0.3185 1.3 0.93 1782.6 20.2 1779.6 11.7 1776.0 9.3 1776.0 9.3 100.4 
Moecher SL17-5 16Dec17-Spot 48 239 
2260303 3.2 9.1750 0.7 4.6417 1.3 0.3090 1.1 0.82 1735.8 16.4 1756.8 10.9 1781.8 13.5 1781.8 13.5 97.4 
Moecher SL17-5 16Dec17-Spot 32 876 
461218 6.2 8.8888 0.6 4.8616 1.1 0.3136 0.9 0.85 1758.2 14.6 1795.6 9.4 1839.4 10.7 1839.4 10.7 95.6 
Moecher SL17-5 16Dec17-Spot 302 341 
74387 4.0 8.8171 0.7 4.8884 1.1 0.3127 0.9 0.76 1754.1 13.3 1800.2 9.6 1854.1 13.2 1854.1 13.2 94.6 
Moecher SL17-5 16Dec17-Spot 110 326 
351685 1.9 8.6298 0.6 5.3674 1.1 0.3361 1.0 0.86 1867.8 15.6 1879.7 9.6 1892.8 10.1 1892.8 10.1 98.7 
Moecher SL17-5 16Dec17-Spot 97 110 
636995 3.0 8.5654 0.6 5.4556 1.1 0.3391 0.9 0.83 1882.1 14.2 1893.6 9.0 1906.2 10.7 1906.2 10.7 98.7 
Moecher SL17-5 16Dec17-Spot 124 123 
6241906 0.8 7.5259 0.7 6.7880 1.3 0.3707 1.0 0.80 2032.6 17.6 2084.2 11.1 2135.5 13.1 2135.5 13.1 95.2 
Moecher SL17-5 16Dec17-Spot 221 78 
212672 2.7 7.4202 0.5 7.2848 0.9 0.3922 0.7 0.82 2133.1 13.2 2146.9 7.9 2160.2 8.9 2160.2 8.9 98.7 
Moecher SL17-5 16Dec17-Spot 275 155 
3087909 1.5 7.0004 0.5 7.5814 1.1 0.3851 0.9 0.87 2100.0 16.5 2182.7 9.6 2261.3 9.2 2261.3 9.2 92.9 
Moecher SL17-5 16Dec17-Spot 109 87 
659453 2.3 6.5907 0.5 8.4723 1.3 0.4052 1.2 0.93 2192.7 22.5 2283.0 11.9 2364.8 8.3 2364.8 8.3 92.7 
Moecher SL17-5 16Dec17-Spot 141 131 
106892 1.5 6.3047 0.7 9.9326 1.1 0.4544 0.9 0.81 2414.7 18.7 2428.5 10.5 2440.2 11.2 2440.2 11.2 99.0 
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Appendix A: SL17-5 U-Pb geochronologic analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher SL17-5 16Dec17-Spot 138 87 
197603 1.6 5.8390 0.8 10.9779 1.2 0.4651 0.8 0.71 2462.0 17.3 2521.3 11.1 2569.3 14.0 2569.3 14.0 95.8 
Moecher SL17-5 16Dec17-Spot 39 91 
154122 1.7 5.7297 0.7 11.5093 1.1 0.4785 0.9 0.82 2520.7 19.4 2565.3 10.6 2600.8 10.9 2600.8 10.9 96.9 
Moecher SL17-5 16Dec17-Spot 37 81 
65525 1.4 5.6258 0.6 11.7700 1.2 0.4805 1.1 0.86 2529.2 22.2 2586.3 11.6 2631.3 10.6 2631.3 10.6 96.1 
Moecher SL17-5 16Dec17-Spot 304 51 
211714 1.0 5.6124 0.6 11.9141 1.3 0.4852 1.2 0.89 2549.8 24.5 2597.7 12.3 2635.2 10.0 2635.2 10.0 96.8 
Moecher SL17-5 16Dec17-Spot 181 85 
160312 1.8 5.5040 0.6 13.2492 1.0 0.5291 0.8 0.81 2737.7 17.7 2697.6 9.3 2667.6 9.5 2667.6 9.5 102.6 
Moecher SL17-5 16Dec17-Spot 62 1275 
68903 21.4 5.4686 0.7 11.2727 1.8 0.4473 1.7 0.93 2383.2 33.4 2546.0 16.8 2678.3 10.8 2678.3 10.8 89.0 
Moecher SL17-5 16Dec17-Spot 183 149 
1174923 1.8 5.4548 0.6 12.9610 2.6 0.5130 2.5 0.98 2669.3 55.6 2676.8 24.5 2682.5 9.1 2682.5 9.1 99.5 
Moecher SL17-5 16Dec17-Spot 204 200 
589325 2.1 5.3809 0.7 12.2976 1.5 0.4801 1.3 0.89 2527.9 27.7 2627.4 14.0 2705.0 11.1 2705.0 11.1 93.5 
Moecher SL17-5 16Dec17-Spot 41 70 
136110 1.7 5.3732 0.6 13.7593 1.2 0.5364 1.0 0.86 2768.5 23.4 2733.3 11.4 2707.3 10.2 2707.3 10.2 102.3 
Moecher SL17-5 16Dec17-Spot 101 177 
115532 2.1 5.3706 0.6 12.8824 1.3 0.5020 1.1 0.87 2622.4 24.5 2671.1 12.3 2708.1 10.7 2708.1 10.7 96.8 
Moecher SL17-5 16Dec17-Spot 271 115 
107434 1.6 5.3409 0.5 13.7450 1.1 0.5327 1.0 0.89 2752.6 22.9 2732.3 10.8 2717.3 8.6 2717.3 8.6 101.3 
Moecher SL17-5 16Dec17-Spot 105 317 
334265 2.4 5.3347 0.6 13.7533 1.3 0.5324 1.1 0.87 2751.4 25.3 2732.9 12.2 2719.2 10.4 2719.2 10.4 101.2 
Moecher SL17-5 16Dec17-Spot 150 239 
287893 5.0 5.3243 0.7 13.2277 1.2 0.5110 1.0 0.82 2661.0 22.3 2696.0 11.7 2722.4 11.7 2722.4 11.7 97.7 
Moecher SL17-5 16Dec17-Spot 217 84 
159163 1.5 5.2938 0.6 13.4488 1.1 0.5166 0.9 0.86 2684.7 20.6 2711.7 10.4 2731.9 9.3 2731.9 9.3 98.3 
Moecher SL17-5 16Dec17-Spot 158 9 
42964 10.1 5.2168 0.9 13.8447 1.6 0.5241 1.3 0.81 2716.4 28.4 2739.1 15.1 2756.0 15.4 2756.0 15.4 98.6 
Moecher SL17-5 16Dec17-Spot 3 142 
97453 3.8 5.0492 0.7 14.3464 1.2 0.5256 1.1 0.85 2722.9 23.5 2772.9 11.8 2809.5 10.8 2809.5 10.8 96.9 
Moecher SL17-5 16Dec17-Spot 4 189 
400013 3.8 5.0179 0.8 13.0637 1.4 0.4756 1.1 0.80 2508.2 23.0 2684.3 13.0 2819.7 13.3 2819.7 13.3 89.0 
Moecher SL17-5 16Dec17-Spot 250 116 
96153 2.2 4.9940 0.7 15.3346 1.4 0.5557 1.2 0.88 2848.7 28.7 2836.3 13.5 2827.4 11.0 2827.4 11.0 100.8 
Moecher SL17-5 16Dec17-Spot 133 83 
128736 2.3 4.9455 0.9 14.6181 1.2 0.5245 0.9 0.72 2718.4 20.0 2790.7 11.8 2843.4 14.0 2843.4 14.0 95.6 
Moecher SL17-5 16Dec17-Spot 202 99 
118418 2.3 4.8413 0.7 15.7110 1.2 0.5519 0.9 0.79 2833.1 21.1 2859.4 11.1 2878.0 11.5 2878.0 11.5 98.4 
Moecher SL17-5 16Dec17-Spot 139 77 
189162 1.9 4.1527 0.6 20.1226 1.2 0.6063 1.0 0.83 3055.3 23.4 3097.3 11.2 3124.6 10.2 3124.6 10.2 97.8 
Moecher SL17-5 16Dec17-Spot 35 88 
523666 1.5 2.7488 0.7 39.7087 1.3 0.7920 1.0 0.83 3760.3 29.7 3763.5 12.4 3765.1 10.5 3765.1 10.5 99.9 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 214 702 
90573 9.4 18.3886 0.6 0.4674 1.1 0.0624 0.9 0.81 390.0 3.4 389.4 3.6 385.9 14.6 390.0 3.4 NA 
Moecher R9-22 17Dec2017-Spot 131 130 
103516 2.4 18.2491 1.0 0.4771 1.3 0.0632 0.8 0.63 394.9 3.1 396.1 4.2 403.0 22.4 394.9 3.1 NA 
Moecher R9-22 17Dec2017-Spot 169 373 
98346 2.0 18.0560 0.9 0.4829 1.6 0.0633 1.3 0.81 395.5 4.8 400.1 5.2 426.7 20.5 395.5 4.8 NA 
Moecher R9-22 17Dec2017-Spot 65 348 
54524 3.1 18.2648 0.8 0.4801 1.4 0.0636 1.1 0.82 397.6 4.4 398.1 4.5 401.0 17.5 397.6 4.4 NA 
Moecher R9-22 17Dec2017-Spot 102 319 
44446 1.6 18.2035 0.8 0.4887 1.5 0.0646 1.2 0.83 403.2 4.9 404.0 5.0 408.6 18.4 403.2 4.9 98.7 
Moecher R9-22 17Dec2017-Spot 287 270 
91211 2.4 18.3406 0.8 0.4869 1.2 0.0648 0.9 0.76 404.7 3.5 402.8 4.0 391.8 17.4 404.7 3.5 103.3 
Moecher R9-22 17Dec2017-Spot 37 178 
45209 1.1 17.6747 1.0 0.5713 1.4 0.0733 1.0 0.70 455.8 4.4 458.8 5.3 474.2 22.6 455.8 4.4 96.1 
Moecher R9-22 17Dec2017-Spot 288 165 
511691 1.5 17.7246 0.8 0.5756 1.3 0.0740 1.0 0.80 460.4 4.6 461.7 4.8 467.9 17.5 460.4 4.6 98.4 
Moecher R9-22 17Dec2017-Spot 217 226 
36886 2.8 17.7361 0.7 0.5920 1.2 0.0762 0.9 0.81 473.3 4.3 472.2 4.4 466.5 15.0 473.3 4.3 101.5 
Moecher R9-22 17Dec2017-Spot 182 122 
25345 1.2 17.6825 1.1 0.6021 1.4 0.0773 0.9 0.64 479.7 4.1 478.6 5.3 473.2 23.5 479.7 4.1 101.4 
Moecher R9-22 17Dec2017-Spot 129 140 
114482 0.8 17.2050 1.2 0.6282 1.6 0.0784 1.1 0.67 486.7 4.9 495.0 6.1 533.4 25.5 486.7 4.9 91.2 
Moecher R9-22 17Dec2017-Spot 245 330 
1949141 1.6 16.3953 0.7 0.8510 1.3 0.1012 1.1 0.85 621.6 6.6 625.2 6.1 638.1 14.8 621.6 6.6 97.4 
Moecher R9-22 17Dec2017-Spot 143 385 
66529 1.1 15.9031 0.7 1.0125 1.2 0.1168 0.9 0.78 712.3 6.2 710.1 6.0 703.3 15.6 712.3 6.2 101.3 
Moecher R9-22 17Dec2017-Spot 116 110 
70788 1.7 15.5328 0.8 1.1256 1.2 0.1269 1.0 0.79 769.9 7.1 765.6 6.6 753.2 16.0 769.9 7.1 102.2 
Moecher R9-22 17Dec2017-Spot 51 116 
66101 2.5 14.3838 0.8 1.4524 1.1 0.1516 0.8 0.71 909.8 6.8 910.9 6.8 913.4 16.3 913.4 16.3 99.6 
Moecher R9-22 17Dec2017-Spot 35 90 
53766 2.5 14.3138 0.8 1.5033 1.3 0.1561 1.0 0.77 935.2 8.4 931.7 7.7 923.4 16.8 923.4 16.8 101.3 
Moecher R9-22 17Dec2017-Spot 196 165 
76891 4.0 14.1946 0.6 1.5629 1.1 0.1610 0.9 0.83 962.1 8.0 955.6 6.7 940.6 12.4 940.6 12.4 102.3 
Moecher R9-22 17Dec2017-Spot 252 151 
108898 3.3 14.1852 0.5 1.5697 1.0 0.1616 0.9 0.86 965.4 7.9 958.3 6.3 942.0 10.5 942.0 10.5 102.5 
Moecher R9-22 17Dec2017-Spot 64 207 
104804 2.8 14.1335 0.7 1.5629 1.2 0.1603 1.0 0.83 958.3 8.7 955.6 7.3 949.4 13.4 949.4 13.4 100.9 
Moecher R9-22 17Dec2017-Spot 40 149 
89697 3.8 14.1293 0.6 1.5364 1.1 0.1575 0.9 0.80 942.9 7.5 945.0 6.5 950.0 13.1 950.0 13.1 99.2 
Moecher R9-22 17Dec2017-Spot 274 94 
1863876 1.8 14.0966 0.7 1.5849 1.1 0.1621 0.9 0.77 968.5 7.7 964.3 6.9 954.8 14.4 954.8 14.4 101.4 
Moecher R9-22 17Dec2017-Spot 236 93 
49609 3.3 14.0812 0.7 1.5920 1.1 0.1627 0.8 0.73 971.5 7.3 967.1 6.9 957.0 15.3 957.0 15.3 101.5 
Moecher R9-22 17Dec2017-Spot 201 190 
98486 1.7 13.9952 0.7 1.6274 1.1 0.1653 0.8 0.76 985.9 7.6 980.9 6.8 969.5 14.4 969.5 14.4 101.7 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 145 653 
268032 7.5 13.9929 0.5 1.6628 1.3 0.1688 1.2 0.92 1005.6 11.2 994.4 8.3 969.8 10.3 969.8 10.3 103.7 
Moecher R9-22 17Dec2017-Spot 126 139 
281745 2.5 13.9797 0.6 1.6148 1.1 0.1638 1.0 0.85 977.8 8.8 976.0 7.1 971.8 12.2 971.8 12.2 100.6 
Moecher R9-22 17Dec2017-Spot 226 63 
19026 3.7 13.9771 0.9 1.6488 1.4 0.1672 1.2 0.80 996.7 10.7 989.1 9.2 972.2 17.8 972.2 17.8 102.5 
Moecher R9-22 17Dec2017-Spot 307 41 
11498 1.8 13.9745 0.7 1.6268 1.1 0.1650 0.9 0.77 984.2 8.1 980.6 7.2 972.5 14.8 972.5 14.8 101.2 
Moecher R9-22 17Dec2017-Spot 21 261 
157345 3.1 13.9649 0.6 1.5667 1.1 0.1587 0.9 0.84 949.8 8.3 957.1 7.0 973.9 12.6 973.9 12.6 97.5 
Moecher R9-22 17Dec2017-Spot 186 552 
332700 12.0 13.9351 0.6 1.6701 1.2 0.1689 1.1 0.88 1005.9 10.0 997.2 7.8 978.3 11.7 978.3 11.7 102.8 
Moecher R9-22 17Dec2017-Spot 177 282 
92545 2.3 13.8930 0.6 1.6690 1.2 0.1682 1.1 0.87 1002.4 9.8 996.8 7.6 984.4 11.9 984.4 11.9 101.8 
Moecher R9-22 17Dec2017-Spot 104 94 
76133 1.4 13.8832 0.9 1.6821 1.3 0.1694 0.9 0.71 1009.0 8.4 1001.8 8.0 985.9 17.9 985.9 17.9 102.4 
Moecher R9-22 17Dec2017-Spot 227 48 
16301 0.7 13.8753 1.1 1.6935 1.5 0.1705 1.0 0.68 1014.8 9.3 1006.1 9.3 987.1 21.7 987.1 21.7 102.8 
Moecher R9-22 17Dec2017-Spot 262 303 
73390 1.6 13.8699 0.7 1.6900 1.3 0.1701 1.1 0.84 1012.5 10.0 1004.8 8.1 987.8 13.8 987.8 13.8 102.5 
Moecher R9-22 17Dec2017-Spot 39 247 
212228 3.2 13.8617 0.8 1.5121 1.3 0.1521 1.0 0.79 912.6 8.6 935.3 7.8 989.1 15.7 989.1 15.7 92.3 
Moecher R9-22 17Dec2017-Spot 198 164 
161855 1.9 13.8563 0.7 1.6463 1.2 0.1655 1.0 0.81 987.4 9.0 988.1 7.6 989.8 14.2 989.8 14.2 99.8 
Moecher R9-22 17Dec2017-Spot 191 167 
47279 1.6 13.8439 0.7 1.6776 1.1 0.1685 0.8 0.78 1003.9 7.8 1000.1 6.8 991.6 13.5 991.6 13.5 101.2 
Moecher R9-22 17Dec2017-Spot 125 39 
251793 2.3 13.8304 1.0 1.5782 1.2 0.1584 0.8 0.62 947.7 6.8 961.7 7.7 993.6 19.6 993.6 19.6 95.4 
Moecher R9-22 17Dec2017-Spot 78 70 
147314 1.7 13.8215 0.8 1.6061 1.4 0.1611 1.2 0.84 962.7 10.7 972.6 8.9 995.0 15.7 995.0 15.7 96.8 
Moecher R9-22 17Dec2017-Spot 175 80 
95965 1.2 13.7986 0.8 1.6877 1.2 0.1690 0.9 0.74 1006.4 8.4 1003.9 7.8 998.3 16.6 998.3 16.6 100.8 
Moecher R9-22 17Dec2017-Spot 50 162 
145784 2.8 13.7739 0.6 1.6130 0.9 0.1612 0.7 0.76 963.5 6.3 975.3 5.8 1001.9 12.4 1001.9 12.4 96.2 
Moecher R9-22 17Dec2017-Spot 136 88 
75168 4.4 13.7732 0.8 1.7187 1.1 0.1718 0.8 0.70 1021.8 7.3 1015.5 7.0 1002.0 15.8 1002.0 15.8 102.0 
Moecher R9-22 17Dec2017-Spot 228 186 
80556 1.2 13.7684 0.6 1.7172 1.2 0.1715 1.0 0.87 1020.6 9.7 1015.0 7.6 1002.7 11.9 1002.7 11.9 101.8 
Moecher R9-22 17Dec2017-Spot 280 26 
44793 0.8 13.7684 1.0 1.6687 1.4 0.1667 0.9 0.65 994.0 8.2 996.7 8.7 1002.7 21.2 1002.7 21.2 99.1 
Moecher R9-22 17Dec2017-Spot 54 96 
103589 3.1 13.7607 0.9 1.6308 1.4 0.1628 1.1 0.77 972.5 9.5 982.2 8.6 1003.9 17.5 1003.9 17.5 96.9 
Moecher R9-22 17Dec2017-Spot 216 222 
100013 0.8 13.7426 0.6 1.7333 1.3 0.1728 1.1 0.87 1027.7 10.7 1021.0 8.3 1006.6 12.9 1006.6 12.9 102.1 
Moecher R9-22 17Dec2017-Spot 31 77 
109672 2.0 13.7420 0.9 1.6459 1.3 0.1641 1.0 0.77 979.6 9.3 988.0 8.5 1006.6 17.5 1006.6 17.5 97.3 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 279 459 
224405 3.0 13.7292 0.6 1.7073 1.2 0.1701 1.1 0.88 1012.6 10.1 1011.3 7.8 1008.5 11.9 1008.5 11.9 100.4 
Moecher R9-22 17Dec2017-Spot 246 52 
33694 2.9 13.7281 0.9 1.7675 1.4 0.1761 1.1 0.79 1045.4 10.5 1033.6 9.0 1008.7 17.3 1008.7 17.3 103.6 
Moecher R9-22 17Dec2017-Spot 134 36 
21456 1.2 13.7024 0.9 1.7900 1.4 0.1780 1.0 0.74 1055.9 10.0 1041.8 9.1 1012.5 19.2 1012.5 19.2 104.3 
Moecher R9-22 17Dec2017-Spot 91 709 
251935 5.8 13.6956 0.7 1.7525 1.1 0.1741 0.9 0.78 1034.9 8.4 1028.1 7.3 1013.5 14.4 1013.5 14.4 102.1 
Moecher R9-22 17Dec2017-Spot 187 56 
49853 0.9 13.6943 0.9 1.7193 1.3 0.1708 0.8 0.67 1016.7 8.0 1015.8 8.1 1013.7 19.0 1013.7 19.0 100.3 
Moecher R9-22 17Dec2017-Spot 250 524 
216982 7.2 13.6724 0.6 1.7638 1.1 0.1750 0.9 0.82 1039.5 8.6 1032.2 7.1 1016.9 12.9 1016.9 12.9 102.2 
Moecher R9-22 17Dec2017-Spot 206 240 
101841 3.6 13.6692 0.7 1.7164 1.2 0.1702 1.0 0.81 1013.4 9.4 1014.7 7.9 1017.4 14.4 1017.4 14.4 99.6 
Moecher R9-22 17Dec2017-Spot 265 94 
49794 2.2 13.6648 0.7 1.7616 1.2 0.1747 1.0 0.81 1037.7 9.2 1031.4 7.7 1018.1 14.2 1018.1 14.2 101.9 
Moecher R9-22 17Dec2017-Spot 195 46 
32393 1.7 13.6644 0.9 1.7091 1.4 0.1694 1.0 0.75 1009.1 9.8 1011.9 8.9 1018.1 18.5 1018.1 18.5 99.1 
Moecher R9-22 17Dec2017-Spot 32 146 
53749 2.7 13.6533 0.7 1.7195 1.0 0.1703 0.8 0.77 1014.0 7.4 1015.8 6.6 1019.8 13.2 1019.8 13.2 99.4 
Moecher R9-22 17Dec2017-Spot 138 68 
25034 3.0 13.6481 0.9 1.6887 1.5 0.1672 1.2 0.80 996.8 10.9 1004.3 9.4 1020.5 18.0 1020.5 18.0 97.7 
Moecher R9-22 17Dec2017-Spot 19 46 
38752 4.1 13.6475 0.9 1.6562 1.3 0.1640 1.0 0.75 979.0 8.8 991.9 8.1 1020.6 17.2 1020.6 17.2 95.9 
Moecher R9-22 17Dec2017-Spot 111 60 
44219 2.9 13.6459 0.8 1.7211 1.2 0.1704 1.0 0.78 1014.4 9.0 1016.4 7.9 1020.9 15.4 1020.9 15.4 99.4 
Moecher R9-22 17Dec2017-Spot 204 95 
102849 1.3 13.6427 0.8 1.6988 1.3 0.1682 1.0 0.77 1002.0 9.0 1008.1 8.0 1021.3 16.1 1021.3 16.1 98.1 
Moecher R9-22 17Dec2017-Spot 229 808 
1281984 3.0 13.6404 0.5 1.7856 1.1 0.1767 1.0 0.88 1049.1 9.4 1040.2 7.1 1021.7 10.4 1021.7 10.4 102.7 
Moecher R9-22 17Dec2017-Spot 3 177 
100634 2.5 13.6329 0.9 1.7018 1.4 0.1683 1.1 0.76 1002.9 10.1 1009.2 9.1 1022.8 18.6 1022.8 18.6 98.1 
Moecher R9-22 17Dec2017-Spot 46 225 
282438 3.4 13.6234 0.6 1.7356 1.1 0.1716 0.9 0.84 1020.7 8.4 1021.8 6.8 1024.2 11.6 1024.2 11.6 99.7 
Moecher R9-22 17Dec2017-Spot 98 70 
38216 2.1 13.6232 0.9 1.8146 1.5 0.1794 1.2 0.78 1063.5 11.6 1050.7 9.9 1024.2 19.2 1024.2 19.2 103.8 
Moecher R9-22 17Dec2017-Spot 69 358 
150867 0.9 13.6229 0.6 1.7918 1.1 0.1771 1.0 0.84 1051.2 9.2 1042.5 7.4 1024.3 12.6 1024.3 12.6 102.6 
Moecher R9-22 17Dec2017-Spot 122 57 
112893 3.5 13.6213 0.8 1.6465 1.1 0.1627 0.8 0.70 971.9 7.2 988.2 7.2 1024.5 16.5 1024.5 16.5 94.9 
Moecher R9-22 17Dec2017-Spot 203 115 
71525 2.5 13.6154 0.7 1.7619 1.2 0.1741 1.0 0.81 1034.4 9.2 1031.5 7.6 1025.4 13.8 1025.4 13.8 100.9 
Moecher R9-22 17Dec2017-Spot 240 163 
1689097 2.3 13.6085 0.7 1.7157 1.1 0.1694 0.9 0.81 1008.9 8.6 1014.4 7.3 1026.4 13.6 1026.4 13.6 98.3 
Moecher R9-22 17Dec2017-Spot 161 137 
114829 1.7 13.6032 0.8 1.7277 1.2 0.1705 0.9 0.77 1015.0 8.8 1018.9 7.9 1027.2 15.8 1027.2 15.8 98.8 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 159 322 
1032926 1.3 13.6022 0.5 1.7535 1.1 0.1731 1.0 0.89 1029.0 9.3 1028.5 7.1 1027.3 10.1 1027.3 10.1 100.2 
Moecher R9-22 17Dec2017-Spot 94 75 
162649 2.4 13.5986 0.7 1.6583 1.2 0.1636 1.0 0.80 976.9 9.0 992.7 7.9 1027.9 15.2 1027.9 15.2 95.0 
Moecher R9-22 17Dec2017-Spot 76 95 
123933 2.2 13.5980 0.8 1.6574 1.4 0.1635 1.1 0.81 976.3 10.4 992.4 8.9 1028.0 16.7 1028.0 16.7 95.0 
Moecher R9-22 17Dec2017-Spot 141 140 
45014 1.5 13.5803 0.8 1.7671 1.2 0.1741 1.0 0.78 1034.8 9.2 1033.4 8.0 1030.6 15.5 1030.6 15.5 100.4 
Moecher R9-22 17Dec2017-Spot 139 71 
88415 2.9 13.5800 0.8 1.7394 1.3 0.1714 1.1 0.82 1019.8 10.1 1023.3 8.4 1030.7 15.3 1030.7 15.3 98.9 
Moecher R9-22 17Dec2017-Spot 290 569 
286915 5.0 13.5769 0.6 1.7568 1.2 0.1731 1.0 0.86 1029.0 9.5 1029.7 7.5 1031.1 11.9 1031.1 11.9 99.8 
Moecher R9-22 17Dec2017-Spot 172 66 
22681 2.2 13.5747 0.9 1.7492 1.2 0.1723 0.8 0.64 1024.7 7.5 1026.9 8.0 1031.5 19.1 1031.5 19.1 99.3 
Moecher R9-22 17Dec2017-Spot 115 185 
114564 4.6 13.5734 0.7 1.7386 1.1 0.1712 0.8 0.76 1018.9 7.6 1023.0 6.9 1031.6 14.0 1031.6 14.0 98.8 
Moecher R9-22 17Dec2017-Spot 140 120 
114508 2.8 13.5683 0.8 1.8108 1.3 0.1783 1.1 0.82 1057.5 10.7 1049.3 8.7 1032.4 15.3 1032.4 15.3 102.4 
Moecher R9-22 17Dec2017-Spot 96 166 
51228 2.5 13.5680 0.7 1.7225 1.2 0.1696 0.9 0.80 1009.8 8.6 1017.0 7.4 1032.4 14.0 1032.4 14.0 97.8 
Moecher R9-22 17Dec2017-Spot 202 916 
1954554 3.7 13.5581 0.5 1.8197 1.1 0.1790 1.0 0.88 1061.6 9.8 1052.6 7.5 1033.9 11.1 1033.9 11.1 102.7 
Moecher R9-22 17Dec2017-Spot 193 85 
52627 2.4 13.5567 0.7 1.7522 1.3 0.1724 1.0 0.81 1025.1 9.6 1028.0 8.1 1034.1 14.8 1034.1 14.8 99.1 
Moecher R9-22 17Dec2017-Spot 153 371 
77814 1.4 13.5496 0.5 1.7927 1.2 0.1762 1.1 0.92 1046.4 11.0 1042.8 8.1 1035.2 9.9 1035.2 9.9 101.1 
Moecher R9-22 17Dec2017-Spot 132 32 
53623 2.9 13.5445 1.2 1.7463 1.6 0.1716 1.0 0.65 1021.1 9.8 1025.8 10.2 1036.0 24.2 1036.0 24.2 98.6 
Moecher R9-22 17Dec2017-Spot 180 93 
205536 2.7 13.5443 0.8 1.7904 1.1 0.1759 0.8 0.70 1044.8 7.4 1042.0 7.1 1036.0 15.8 1036.0 15.8 100.9 
Moecher R9-22 17Dec2017-Spot 95 448 
2468259 3.8 13.5415 0.5 1.5705 1.1 0.1543 1.0 0.89 925.1 8.3 958.6 6.7 1036.4 9.9 1036.4 9.9 89.3 
Moecher R9-22 17Dec2017-Spot 207 675 
162644 2.4 13.5414 0.6 1.8523 1.1 0.1820 0.9 0.81 1077.9 8.7 1064.3 7.2 1036.4 12.9 1036.4 12.9 104.0 
Moecher R9-22 17Dec2017-Spot 99 74 
75451 1.5 13.5407 0.8 1.7745 1.1 0.1743 0.8 0.73 1036.0 7.9 1036.2 7.3 1036.5 15.5 1036.5 15.5 100.0 
Moecher R9-22 17Dec2017-Spot 242 127 
114809 2.5 13.5257 0.8 1.7500 1.3 0.1717 1.0 0.77 1021.7 9.2 1027.2 8.1 1038.8 16.2 1038.8 16.2 98.4 
Moecher R9-22 17Dec2017-Spot 47 146 
319715 3.4 13.5241 0.5 1.7504 0.9 0.1718 0.8 0.84 1021.8 7.3 1027.3 5.9 1039.0 10.1 1039.0 10.1 98.3 
Moecher R9-22 17Dec2017-Spot 63 197 
95088 2.8 13.5190 0.6 1.7511 1.1 0.1718 0.9 0.81 1021.8 8.2 1027.6 6.9 1039.8 12.7 1039.8 12.7 98.3 
Moecher R9-22 17Dec2017-Spot 208 39 
28666 1.4 13.5141 1.0 1.7798 1.4 0.1745 1.0 0.72 1037.0 9.5 1038.1 9.0 1040.5 19.5 1040.5 19.5 99.7 
Moecher R9-22 17Dec2017-Spot 30 102 
75205 1.4 13.5079 0.6 1.7068 1.2 0.1673 1.0 0.84 997.2 9.1 1011.1 7.6 1041.4 13.1 1041.4 13.1 95.8 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 224 257 
84155 1.9 13.5045 0.7 1.7882 1.1 0.1752 0.8 0.78 1040.8 8.0 1041.2 6.9 1041.9 13.3 1041.9 13.3 99.9 
Moecher R9-22 17Dec2017-Spot 221 63 
78529 3.4 13.5032 0.8 1.8286 1.3 0.1792 1.1 0.83 1062.4 11.0 1055.8 8.8 1042.1 15.2 1042.1 15.2 101.9 
Moecher R9-22 17Dec2017-Spot 156 157 
60179 2.1 13.5023 0.7 1.7983 1.2 0.1762 1.0 0.81 1046.1 9.3 1044.8 7.8 1042.2 14.0 1042.2 14.0 100.4 
Moecher R9-22 17Dec2017-Spot 110 88 
59703 1.1 13.4995 0.6 1.8465 1.2 0.1809 1.0 0.84 1071.7 9.6 1062.2 7.6 1042.7 12.8 1042.7 12.8 102.8 
Moecher R9-22 17Dec2017-Spot 43 273 
140202 1.9 13.4982 0.6 1.7970 1.2 0.1760 1.1 0.87 1045.1 10.5 1044.4 8.1 1042.9 12.5 1042.9 12.5 100.2 
Moecher R9-22 17Dec2017-Spot 200 119 
108442 2.9 13.4974 0.6 1.8492 1.1 0.1811 1.0 0.86 1073.0 9.7 1063.1 7.5 1043.0 11.7 1043.0 11.7 102.9 
Moecher R9-22 17Dec2017-Spot 16 425 
151346 2.7 13.4962 0.6 1.7253 0.9 0.1689 0.8 0.80 1006.3 7.0 1018.0 6.1 1043.2 11.6 1043.2 11.6 96.5 
Moecher R9-22 17Dec2017-Spot 289 508 
188440 4.1 13.4957 0.6 1.7702 1.3 0.1733 1.2 0.90 1030.5 11.2 1034.6 8.5 1043.3 11.7 1043.3 11.7 98.8 
Moecher R9-22 17Dec2017-Spot 315 135 
177519 2.5 13.4947 0.8 1.7443 1.4 0.1708 1.2 0.82 1016.5 10.9 1025.1 9.1 1043.4 16.4 1043.4 16.4 97.4 
Moecher R9-22 17Dec2017-Spot 271 145 
267516 4.5 13.4935 0.7 1.7792 1.1 0.1742 0.9 0.78 1035.2 8.5 1037.9 7.4 1043.6 14.5 1043.6 14.5 99.2 
Moecher R9-22 17Dec2017-Spot 281 136 
327888 3.4 13.4910 0.7 1.7884 1.2 0.1751 1.0 0.80 1040.0 9.3 1041.3 7.9 1044.0 14.7 1044.0 14.7 99.6 
Moecher R9-22 17Dec2017-Spot 84 79 
1153624 1.0 13.4886 0.9 1.7600 1.5 0.1723 1.2 0.79 1024.5 11.4 1030.8 9.8 1044.3 18.7 1044.3 18.7 98.1 
Moecher R9-22 17Dec2017-Spot 235 159 
225946 2.0 13.4881 0.7 1.8236 1.1 0.1785 0.9 0.79 1058.6 8.7 1054.0 7.5 1044.4 14.2 1044.4 14.2 101.4 
Moecher R9-22 17Dec2017-Spot 194 119 
114789 2.9 13.4870 0.7 1.7689 1.1 0.1731 0.8 0.72 1029.2 7.5 1034.1 7.0 1044.6 15.1 1044.6 15.1 98.5 
Moecher R9-22 17Dec2017-Spot 294 92 
45603 3.2 13.4856 0.7 1.8703 1.1 0.1830 0.8 0.77 1083.4 8.4 1070.6 7.2 1044.8 13.9 1044.8 13.9 103.7 
Moecher R9-22 17Dec2017-Spot 311 369 
70001 7.2 13.4833 0.6 1.7035 1.1 0.1667 0.9 0.85 993.7 8.7 1009.8 7.2 1045.1 12.1 1045.1 12.1 95.1 
Moecher R9-22 17Dec2017-Spot 244 205 
114366 3.1 13.4813 0.6 1.7943 1.1 0.1755 0.9 0.84 1042.4 8.6 1043.4 7.0 1045.4 11.9 1045.4 11.9 99.7 
Moecher R9-22 17Dec2017-Spot 267 91 
85723 1.7 13.4795 0.6 1.8768 1.1 0.1836 0.9 0.81 1086.4 8.6 1072.9 7.0 1045.7 12.6 1045.7 12.6 103.9 
Moecher R9-22 17Dec2017-Spot 121 67 
65373 2.5 13.4771 0.9 1.7950 1.4 0.1755 1.0 0.74 1042.5 9.9 1043.6 9.1 1046.0 18.9 1046.0 18.9 99.7 
Moecher R9-22 17Dec2017-Spot 220 36 
17657 1.7 13.4770 1.2 1.7808 1.7 0.1741 1.1 0.66 1034.9 10.5 1038.5 10.8 1046.1 25.0 1046.1 25.0 98.9 
Moecher R9-22 17Dec2017-Spot 243 733 
401736 3.2 13.4721 0.6 1.8783 1.3 0.1836 1.1 0.88 1086.6 11.1 1073.4 8.3 1046.8 11.9 1046.8 11.9 103.8 
Moecher R9-22 17Dec2017-Spot 188 215 
140124 3.9 13.4720 0.6 1.8426 1.2 0.1801 1.0 0.85 1067.6 10.1 1060.8 8.0 1046.8 13.0 1046.8 13.0 102.0 
Moecher R9-22 17Dec2017-Spot 137 55 
40695 1.4 13.4714 0.9 1.7644 1.4 0.1725 1.1 0.78 1025.7 10.6 1032.5 9.2 1046.9 17.9 1046.9 17.9 98.0 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 80 728 
4214564 7.1 13.4705 0.6 1.8107 1.3 0.1770 1.1 0.88 1050.4 10.9 1049.3 8.4 1047.0 12.4 1047.0 12.4 100.3 
Moecher R9-22 17Dec2017-Spot 2 117 
253690 2.1 13.4689 0.6 1.7073 1.1 0.1669 0.9 0.82 994.8 8.7 1011.3 7.3 1047.3 13.1 1047.3 13.1 95.0 
Moecher R9-22 17Dec2017-Spot 260 243 
641956 8.6 13.4620 0.6 1.8456 1.1 0.1803 0.9 0.83 1068.5 9.3 1061.9 7.5 1048.3 12.6 1048.3 12.6 101.9 
Moecher R9-22 17Dec2017-Spot 157 85 
102813 2.1 13.4612 0.8 1.8286 1.2 0.1786 0.9 0.76 1059.3 8.8 1055.8 7.8 1048.4 15.6 1048.4 15.6 101.0 
Moecher R9-22 17Dec2017-Spot 302 122 
236248 1.8 13.4606 0.7 1.8279 1.1 0.1785 0.8 0.75 1058.9 7.9 1055.5 7.1 1048.5 14.4 1048.5 14.4 101.0 
Moecher R9-22 17Dec2017-Spot 23 506 
2800253 3.1 13.4394 0.6 1.7699 1.1 0.1726 0.9 0.83 1026.4 8.4 1034.5 6.9 1051.7 11.9 1051.7 11.9 97.6 
Moecher R9-22 17Dec2017-Spot 81 124 
74029 1.4 13.4360 0.8 1.8624 1.2 0.1816 0.9 0.73 1075.5 8.9 1067.8 8.1 1052.2 16.8 1052.2 16.8 102.2 
Moecher R9-22 17Dec2017-Spot 199 239 
33976 3.5 13.4354 0.6 1.8375 1.2 0.1791 1.0 0.85 1062.2 10.1 1059.0 7.9 1052.3 12.7 1052.3 12.7 100.9 
Moecher R9-22 17Dec2017-Spot 146 59 
54153 2.3 13.4318 0.8 1.7985 1.2 0.1753 0.9 0.75 1041.1 8.7 1044.9 7.9 1052.8 16.2 1052.8 16.2 98.9 
Moecher R9-22 17Dec2017-Spot 291 174 
90937 3.3 13.4294 0.6 1.7962 1.1 0.1750 0.9 0.83 1039.7 8.5 1044.1 7.0 1053.2 12.1 1053.2 12.1 98.7 
Moecher R9-22 17Dec2017-Spot 266 125 
578492 3.3 13.4274 0.5 1.6739 1.1 0.1631 1.0 0.87 973.9 8.9 998.7 7.2 1053.5 11.1 1053.5 11.1 92.4 
Moecher R9-22 17Dec2017-Spot 62 520 
550915 5.0 13.4264 0.5 1.8037 1.1 0.1757 1.0 0.87 1043.5 9.2 1046.8 7.2 1053.6 10.9 1053.6 10.9 99.0 
Moecher R9-22 17Dec2017-Spot 67 42 
28150 2.2 13.4264 0.8 1.7623 1.2 0.1717 0.9 0.72 1021.4 8.2 1031.7 7.8 1053.6 17.0 1053.6 17.0 96.9 
Moecher R9-22 17Dec2017-Spot 170 138 
85719 0.8 13.4245 0.6 1.8059 1.1 0.1759 0.9 0.82 1044.6 8.8 1047.6 7.3 1053.9 13.0 1053.9 13.0 99.1 
Moecher R9-22 17Dec2017-Spot 61 1105 
92256 2.7 13.4228 0.6 1.6433 1.4 0.1601 1.3 0.91 957.1 11.6 987.0 9.0 1054.2 11.6 1054.2 11.6 90.8 
Moecher R9-22 17Dec2017-Spot 239 121 
53378 2.8 13.4219 0.8 1.8342 1.4 0.1786 1.2 0.82 1059.5 11.6 1057.8 9.5 1054.3 16.8 1054.3 16.8 100.5 
Moecher R9-22 17Dec2017-Spot 158 271 
753595 2.1 13.4176 0.6 1.8072 1.1 0.1759 1.0 0.86 1044.8 9.2 1048.1 7.3 1055.0 11.6 1055.0 11.6 99.0 
Moecher R9-22 17Dec2017-Spot 155 269 
198273 7.6 13.4160 0.6 1.8166 1.0 0.1768 0.8 0.80 1049.7 8.0 1051.5 6.8 1055.2 12.7 1055.2 12.7 99.5 
Moecher R9-22 17Dec2017-Spot 254 419 
346611 1.7 13.4129 0.5 1.8413 1.1 0.1792 1.0 0.90 1062.6 9.8 1060.3 7.3 1055.7 9.8 1055.7 9.8 100.7 
Moecher R9-22 17Dec2017-Spot 205 86 
285569 3.8 13.4060 0.6 1.8638 1.2 0.1813 1.0 0.86 1074.0 10.1 1068.3 7.8 1056.7 11.9 1056.7 11.9 101.6 
Moecher R9-22 17Dec2017-Spot 300 155 
50113 12.5 13.4036 0.7 1.7769 0.9 0.1728 0.6 0.70 1027.6 6.1 1037.0 6.0 1057.1 13.3 1057.1 13.3 97.2 
Moecher R9-22 17Dec2017-Spot 212 309 
54699 2.5 13.3967 0.6 1.8585 1.2 0.1807 1.0 0.84 1070.6 9.7 1066.5 7.7 1058.1 12.9 1058.1 12.9 101.2 
Moecher R9-22 17Dec2017-Spot 149 114 
31974 1.2 13.3940 1.4 1.7535 1.6 0.1704 0.9 0.54 1014.4 8.4 1028.5 10.6 1058.5 27.8 1058.5 27.8 95.8 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 58 105 
60421 0.6 13.3883 0.8 1.8410 1.2 0.1788 0.9 0.75 1060.6 8.6 1060.2 7.7 1059.4 15.5 1059.4 15.5 100.1 
Moecher R9-22 17Dec2017-Spot 171 58 
59431 2.3 13.3817 0.7 1.8079 1.1 0.1755 0.8 0.74 1042.5 8.0 1048.3 7.3 1060.4 15.1 1060.4 15.1 98.3 
Moecher R9-22 17Dec2017-Spot 174 58 
147785 2.1 13.3808 0.8 1.7759 1.3 0.1724 1.0 0.78 1025.5 9.9 1036.7 8.7 1060.5 16.9 1060.5 16.9 96.7 
Moecher R9-22 17Dec2017-Spot 14 714 
612748 1.6 13.3808 0.5 1.8605 1.0 0.1806 0.9 0.86 1070.4 8.7 1067.2 6.8 1060.5 10.8 1060.5 10.8 100.9 
Moecher R9-22 17Dec2017-Spot 123 103 
41237 1.5 13.3790 0.8 1.8592 1.3 0.1805 1.0 0.77 1069.6 9.5 1066.7 8.3 1060.8 16.1 1060.8 16.1 100.8 
Moecher R9-22 17Dec2017-Spot 313 289 
182606 2.6 13.3704 0.6 1.8185 1.2 0.1764 1.0 0.86 1047.4 9.6 1052.2 7.6 1062.1 12.0 1062.1 12.0 98.6 
Moecher R9-22 17Dec2017-Spot 105 415 
257743 3.8 13.3702 0.6 1.8409 1.1 0.1786 0.9 0.86 1059.3 9.1 1060.2 7.2 1062.1 11.4 1062.1 11.4 99.7 
Moecher R9-22 17Dec2017-Spot 285 173 
144607 1.9 13.3690 0.6 1.8095 1.1 0.1755 0.9 0.82 1042.5 8.6 1048.9 7.1 1062.3 12.6 1062.3 12.6 98.1 
Moecher R9-22 17Dec2017-Spot 305 128 
6033804 0.4 13.3677 0.6 1.8124 1.2 0.1758 1.1 0.88 1044.0 10.5 1050.0 8.2 1062.5 12.0 1062.5 12.0 98.3 
Moecher R9-22 17Dec2017-Spot 189 33 
29049 2.0 13.3432 1.2 1.9292 1.7 0.1868 1.1 0.69 1103.9 11.6 1091.2 11.1 1066.2 24.1 1066.2 24.1 103.5 
Moecher R9-22 17Dec2017-Spot 144 125 
94477 1.4 13.3321 0.8 1.8632 1.3 0.1802 1.0 0.79 1068.3 10.2 1068.1 8.7 1067.8 16.1 1067.8 16.1 100.0 
Moecher R9-22 17Dec2017-Spot 231 123 
88049 1.4 13.3251 0.6 1.8871 1.2 0.1825 1.0 0.84 1080.4 9.7 1076.6 7.7 1068.9 12.7 1068.9 12.7 101.1 
Moecher R9-22 17Dec2017-Spot 10 260 
97203 3.1 13.3179 0.7 1.8473 1.0 0.1785 0.7 0.74 1058.8 7.1 1062.5 6.5 1070.0 13.3 1070.0 13.3 99.0 
Moecher R9-22 17Dec2017-Spot 22 34 
37078 0.8 13.3141 1.1 1.8170 1.3 0.1755 0.8 0.58 1042.5 7.3 1051.6 8.6 1070.5 21.5 1070.5 21.5 97.4 
Moecher R9-22 17Dec2017-Spot 184 64 
59893 1.3 13.2904 0.9 1.7878 1.4 0.1724 1.0 0.75 1025.3 9.9 1041.0 9.1 1074.1 18.7 1074.1 18.7 95.5 
Moecher R9-22 17Dec2017-Spot 124 1103 
98895 2.0 13.2766 0.8 1.8676 1.4 0.1799 1.2 0.83 1066.5 11.7 1069.7 9.4 1076.2 15.8 1076.2 15.8 99.1 
Moecher R9-22 17Dec2017-Spot 75 204 
941442 1.4 13.2651 0.7 1.8166 1.3 0.1748 1.1 0.86 1038.8 10.5 1051.5 8.4 1077.9 13.0 1077.9 13.0 96.4 
Moecher R9-22 17Dec2017-Spot 167 324 
105910 1.4 13.2598 0.5 1.8409 0.9 0.1771 0.8 0.83 1051.2 7.5 1060.2 6.1 1078.7 10.3 1078.7 10.3 97.4 
Moecher R9-22 17Dec2017-Spot 114 65 
50714 1.3 13.2579 0.7 1.9609 1.3 0.1886 1.0 0.82 1114.0 10.6 1102.2 8.4 1079.0 14.2 1079.0 14.2 103.2 
Moecher R9-22 17Dec2017-Spot 24 1084 
146576 1.4 13.2577 0.6 1.7213 1.1 0.1656 1.0 0.85 987.7 8.9 1016.5 7.3 1079.0 11.9 1079.0 11.9 91.5 
Moecher R9-22 17Dec2017-Spot 97 79 
65629 1.6 13.2567 0.8 1.8185 1.0 0.1749 0.7 0.67 1039.2 6.7 1052.2 6.8 1079.2 15.5 1079.2 15.5 96.3 
Moecher R9-22 17Dec2017-Spot 181 122 
120945 1.4 13.2540 0.8 1.8688 1.2 0.1797 1.0 0.77 1065.4 9.3 1070.1 8.2 1079.6 16.0 1079.6 16.0 98.7 
Moecher R9-22 17Dec2017-Spot 303 23 
107881 1.5 13.2510 1.1 1.8195 1.5 0.1749 1.1 0.69 1039.3 10.1 1052.5 10.0 1080.0 22.3 1080.0 22.3 96.2 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 249 187 
171364 1.2 13.2477 0.8 1.8297 1.3 0.1759 1.0 0.80 1044.4 10.0 1056.2 8.6 1080.6 15.8 1080.6 15.8 96.7 
Moecher R9-22 17Dec2017-Spot 118 243 
111042 2.8 13.2257 0.6 1.8974 1.2 0.1821 1.1 0.86 1078.3 10.5 1080.2 8.2 1083.9 12.5 1083.9 12.5 99.5 
Moecher R9-22 17Dec2017-Spot 148 274 
110081 2.8 13.2238 0.6 1.9061 1.2 0.1829 1.0 0.85 1082.7 10.2 1083.2 8.0 1084.2 12.7 1084.2 12.7 99.9 
Moecher R9-22 17Dec2017-Spot 276 1069 
211860 4.4 13.2068 0.6 1.8899 1.4 0.1811 1.3 0.91 1073.0 12.5 1077.6 9.2 1086.8 11.3 1086.8 11.3 98.7 
Moecher R9-22 17Dec2017-Spot 147 97 
154384 1.8 13.1761 0.7 1.8911 1.2 0.1808 1.0 0.84 1071.3 10.3 1078.0 8.2 1091.4 13.6 1091.4 13.6 98.2 
Moecher R9-22 17Dec2017-Spot 17 1558 
2389179 21.2 13.1753 0.7 1.7793 1.3 0.1701 1.1 0.83 1012.6 10.1 1037.9 8.5 1091.6 14.7 1091.6 14.7 92.8 
Moecher R9-22 17Dec2017-Spot 56 219 
666286 4.2 13.1710 0.6 1.9233 1.0 0.1838 0.7 0.76 1087.7 7.3 1089.2 6.4 1092.2 12.4 1092.2 12.4 99.6 
Moecher R9-22 17Dec2017-Spot 11 92 
83165 1.5 13.1589 0.8 1.8352 1.2 0.1752 0.9 0.74 1040.8 8.5 1058.1 7.8 1094.0 16.2 1094.0 16.2 95.1 
Moecher R9-22 17Dec2017-Spot 183 120 
102312 2.2 13.1249 0.7 1.9455 1.1 0.1853 0.8 0.75 1095.7 8.4 1096.9 7.4 1099.2 14.7 1099.2 14.7 99.7 
Moecher R9-22 17Dec2017-Spot 28 117 
400522 1.1 13.1223 0.7 1.9421 1.3 0.1849 1.0 0.81 1093.8 10.2 1095.7 8.4 1099.6 14.7 1099.6 14.7 99.5 
Moecher R9-22 17Dec2017-Spot 1 620 
196774 3.1 13.1208 0.7 1.9431 1.4 0.1850 1.2 0.85 1094.2 12.4 1096.1 9.7 1099.9 15.0 1099.9 15.0 99.5 
Moecher R9-22 17Dec2017-Spot 268 471 
47177 4.3 13.1173 1.0 1.6927 2.1 0.1611 1.8 0.88 962.9 16.5 1005.8 13.3 1100.4 19.5 1100.4 19.5 87.5 
Moecher R9-22 17Dec2017-Spot 211 133 
196421 1.6 13.0931 0.8 1.9083 1.3 0.1813 1.0 0.76 1074.0 9.9 1084.0 8.8 1104.1 17.0 1104.1 17.0 97.3 
Moecher R9-22 17Dec2017-Spot 263 60 
194500 1.6 13.0750 1.0 1.8753 1.4 0.1779 1.1 0.75 1055.6 10.6 1072.4 9.6 1106.8 19.2 1106.8 19.2 95.4 
Moecher R9-22 17Dec2017-Spot 72 241 
200085 1.7 13.0200 0.6 1.9776 1.1 0.1868 0.9 0.83 1104.2 9.5 1107.9 7.6 1115.3 12.7 1115.3 12.7 99.0 
Moecher R9-22 17Dec2017-Spot 36 576 
1733565 3.3 12.9872 0.6 2.0327 1.2 0.1915 1.0 0.84 1129.8 10.0 1126.5 7.9 1120.3 12.6 1120.3 12.6 100.8 
Moecher R9-22 17Dec2017-Spot 48 277 
227056 1.4 12.9806 0.5 2.0114 1.0 0.1894 0.8 0.84 1118.3 8.3 1119.4 6.6 1121.3 10.6 1121.3 10.6 99.7 
Moecher R9-22 17Dec2017-Spot 213 117 
106023 3.2 12.9615 0.8 2.0434 1.5 0.1922 1.2 0.81 1133.1 12.4 1130.1 10.0 1124.2 16.9 1124.2 16.9 100.8 
Moecher R9-22 17Dec2017-Spot 83 44 
50915 3.7 12.9586 0.9 2.0408 1.3 0.1919 0.9 0.73 1131.6 9.6 1129.2 8.6 1124.7 17.3 1124.7 17.3 100.6 
Moecher R9-22 17Dec2017-Spot 255 226 
69000 3.3 12.9526 0.7 2.1207 1.6 0.1993 1.4 0.89 1171.6 15.2 1155.6 11.0 1125.6 14.7 1125.6 14.7 104.1 
Moecher R9-22 17Dec2017-Spot 284 233 
83817 2.2 12.9525 0.7 2.0028 1.1 0.1882 0.9 0.79 1111.7 8.7 1116.4 7.3 1125.7 13.3 1125.7 13.3 98.8 
Moecher R9-22 17Dec2017-Spot 269 126 
186014 1.7 12.9502 0.7 2.0010 1.2 0.1880 0.9 0.80 1110.6 9.6 1115.8 7.9 1126.0 13.9 1126.0 13.9 98.6 
Moecher R9-22 17Dec2017-Spot 41 213 
91583 1.5 12.9493 0.8 1.9732 1.2 0.1854 0.9 0.74 1096.4 8.7 1106.4 7.9 1126.1 15.9 1126.1 15.9 97.4 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 152 546 
97574 9.2 12.9480 0.6 2.0151 1.4 0.1893 1.2 0.90 1117.7 12.6 1120.6 9.3 1126.3 12.2 1126.3 12.2 99.2 
Moecher R9-22 17Dec2017-Spot 282 22 
17897 3.6 12.9431 1.6 1.9496 2.1 0.1831 1.3 0.62 1083.9 12.7 1098.3 13.9 1127.1 32.5 1127.1 32.5 96.2 
Moecher R9-22 17Dec2017-Spot 38 379 
242046 7.1 12.9343 0.7 2.0506 1.2 0.1924 1.0 0.83 1134.6 10.3 1132.5 8.1 1128.4 13.2 1128.4 13.2 100.5 
Moecher R9-22 17Dec2017-Spot 247 302 
269957 1.3 12.9229 0.8 2.1378 1.4 0.2004 1.1 0.81 1177.7 12.1 1161.1 9.6 1130.2 16.1 1130.2 16.1 104.2 
Moecher R9-22 17Dec2017-Spot 9 83 
612022 1.6 12.9078 0.7 1.9464 1.1 0.1823 0.9 0.78 1079.5 8.6 1097.2 7.5 1132.5 14.0 1132.5 14.0 95.3 
Moecher R9-22 17Dec2017-Spot 108 94 
167508 2.6 12.9075 0.7 2.0265 1.0 0.1898 0.8 0.73 1120.3 7.8 1124.4 7.0 1132.5 14.1 1132.5 14.1 98.9 
Moecher R9-22 17Dec2017-Spot 90 33 
97067 1.8 12.9050 1.1 1.9998 1.5 0.1873 1.0 0.67 1106.5 10.3 1115.4 10.2 1132.9 22.4 1132.9 22.4 97.7 
Moecher R9-22 17Dec2017-Spot 42 25 
104075 170883.9 12.8964 1.2 1.9836 1.5 0.1856 0.8 0.55 1097.6 8.2 1109.9 9.9 1134.3 24.3 1134.3 24.3 96.8 
Moecher R9-22 17Dec2017-Spot 77 136 
70290 3.2 12.8934 0.5 2.0372 1.1 0.1906 0.9 0.87 1124.6 9.5 1128.0 7.2 1134.8 10.4 1134.8 10.4 99.1 
Moecher R9-22 17Dec2017-Spot 185 631 
1005976 1.7 12.8877 0.5 2.0964 1.1 0.1960 1.0 0.89 1154.0 10.8 1147.6 7.9 1135.6 10.2 1135.6 10.2 101.6 
Moecher R9-22 17Dec2017-Spot 164 447 
336010 2.3 12.8864 0.6 2.1359 1.3 0.1997 1.1 0.88 1173.7 11.8 1160.5 8.7 1135.8 12.0 1135.8 12.0 103.3 
Moecher R9-22 17Dec2017-Spot 173 390 
584559 2.3 12.8826 0.6 2.1472 1.1 0.2007 0.9 0.82 1179.1 9.5 1164.1 7.5 1136.4 12.4 1136.4 12.4 103.8 
Moecher R9-22 17Dec2017-Spot 119 50 
44509 17.2 12.8822 0.9 2.0864 1.4 0.1950 1.0 0.73 1148.5 10.7 1144.3 9.5 1136.5 18.7 1136.5 18.7 101.1 
Moecher R9-22 17Dec2017-Spot 253 174 
110308 3.0 12.8575 0.9 2.1551 1.3 0.2011 1.0 0.73 1181.0 10.3 1166.7 9.1 1140.3 17.9 1140.3 17.9 103.6 
Moecher R9-22 17Dec2017-Spot 135 980 
505572 2.5 12.8542 0.7 2.1313 1.3 0.1988 1.1 0.83 1168.7 11.6 1159.0 9.1 1140.8 14.7 1140.8 14.7 102.5 
Moecher R9-22 17Dec2017-Spot 296 225 
164950 3.1 12.8461 0.4 2.0838 0.9 0.1942 0.8 0.87 1144.3 8.1 1143.5 6.1 1142.0 8.6 1142.0 8.6 100.2 
Moecher R9-22 17Dec2017-Spot 168 568 
175570 3.0 12.8419 0.6 2.1485 1.3 0.2002 1.1 0.89 1176.4 12.1 1164.6 8.8 1142.7 11.5 1142.7 11.5 102.9 
Moecher R9-22 17Dec2017-Spot 109 130 
63612 3.6 12.8165 0.8 2.1918 1.3 0.2038 1.0 0.80 1195.8 11.3 1178.4 9.1 1146.7 15.6 1146.7 15.6 104.3 
Moecher R9-22 17Dec2017-Spot 292 149 
60711 2.0 12.8132 0.7 2.1011 1.2 0.1953 0.9 0.76 1150.2 9.2 1149.2 7.9 1147.1 14.8 1147.1 14.8 100.3 
Moecher R9-22 17Dec2017-Spot 18 228 
43479 3.2 12.8094 0.8 2.1434 1.3 0.1992 1.0 0.80 1171.1 10.9 1162.9 8.8 1147.7 15.1 1147.7 15.1 102.0 
Moecher R9-22 17Dec2017-Spot 133 287 
95202 5.3 12.8041 0.8 2.1389 1.5 0.1987 1.3 0.85 1168.4 13.6 1161.5 10.4 1148.6 15.7 1148.6 15.7 101.7 
Moecher R9-22 17Dec2017-Spot 176 171 
115131 4.0 12.7995 0.6 2.0998 1.2 0.1950 1.0 0.87 1148.5 10.5 1148.7 7.9 1149.2 11.4 1149.2 11.4 99.9 
Moecher R9-22 17Dec2017-Spot 154 80 
55578 3.1 12.7994 0.5 2.0762 1.1 0.1928 0.9 0.87 1136.6 9.8 1141.0 7.4 1149.3 10.6 1149.3 10.6 98.9 
  
  
1
5
1
 
 
Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 151 118 
94633 1.4 12.7950 0.9 2.1496 1.3 0.1996 0.9 0.73 1173.0 10.0 1164.9 8.9 1150.0 17.4 1150.0 17.4 102.0 
Moecher R9-22 17Dec2017-Spot 150 200 
149314 4.8 12.7914 0.7 2.1162 1.1 0.1964 0.9 0.77 1156.0 9.0 1154.1 7.6 1150.5 14.0 1150.5 14.0 100.5 
Moecher R9-22 17Dec2017-Spot 55 635 
244000 2.8 12.7817 0.6 2.1273 1.2 0.1973 1.0 0.88 1160.8 11.1 1157.7 8.2 1152.0 11.2 1152.0 11.2 100.8 
Moecher R9-22 17Dec2017-Spot 222 679 
1718002 2.7 12.7779 0.6 2.1968 1.4 0.2037 1.3 0.91 1195.0 13.7 1180.0 9.7 1152.6 11.7 1152.6 11.7 103.7 
Moecher R9-22 17Dec2017-Spot 120 152 
264179 3.0 12.7675 0.6 2.1038 1.2 0.1949 1.1 0.86 1147.8 11.1 1150.0 8.4 1154.2 12.5 1154.2 12.5 99.4 
Moecher R9-22 17Dec2017-Spot 49 90 
141593 2.6 12.7652 0.8 2.0885 1.2 0.1934 0.9 0.74 1140.0 9.6 1145.0 8.5 1154.6 16.4 1154.6 16.4 98.7 
Moecher R9-22 17Dec2017-Spot 6 207 
114246 2.1 12.7637 1.3 1.8820 1.5 0.1743 0.7 0.46 1035.7 6.6 1074.8 9.9 1154.8 26.4 1154.8 26.4 89.7 
Moecher R9-22 17Dec2017-Spot 162 212 
81248 3.6 12.7427 0.8 2.0665 1.3 0.1911 1.0 0.80 1127.1 10.8 1137.8 9.0 1158.1 15.8 1158.1 15.8 97.3 
Moecher R9-22 17Dec2017-Spot 74 160 
302202 2.3 12.7417 0.8 2.1628 1.3 0.2000 1.0 0.78 1175.1 10.9 1169.2 9.0 1158.2 16.0 1158.2 16.0 101.5 
Moecher R9-22 17Dec2017-Spot 273 425 
224485 3.1 12.7346 0.5 2.1689 1.1 0.2004 1.0 0.90 1177.5 10.9 1171.1 7.8 1159.3 9.8 1159.3 9.8 101.6 
Moecher R9-22 17Dec2017-Spot 73 63 
114293 2.6 12.7219 0.9 2.1249 1.3 0.1961 0.9 0.72 1154.6 9.5 1156.9 8.6 1161.3 17.3 1161.3 17.3 99.4 
Moecher R9-22 17Dec2017-Spot 241 446 
1064912 2.7 12.6899 0.8 2.2025 1.6 0.2028 1.3 0.86 1190.3 14.5 1181.8 10.9 1166.3 15.9 1166.3 15.9 102.1 
Moecher R9-22 17Dec2017-Spot 232 39 
494347 2.7 12.6892 0.9 2.0782 1.4 0.1913 1.0 0.73 1128.7 10.5 1141.6 9.4 1166.4 18.5 1166.4 18.5 96.8 
Moecher R9-22 17Dec2017-Spot 192 91 
605131 2.8 12.6847 0.7 2.2580 1.2 0.2078 1.0 0.82 1217.2 11.2 1199.3 8.7 1167.1 14.1 1167.1 14.1 104.3 
Moecher R9-22 17Dec2017-Spot 45 154 
88937 1.7 12.6844 0.7 2.1879 1.1 0.2014 0.9 0.76 1182.7 9.4 1177.2 7.9 1167.2 14.7 1167.2 14.7 101.3 
Moecher R9-22 17Dec2017-Spot 258 391 
335461 2.6 12.6824 0.6 2.2403 1.2 0.2062 1.0 0.87 1208.3 11.5 1193.7 8.5 1167.5 11.9 1167.5 11.9 103.5 
Moecher R9-22 17Dec2017-Spot 53 642 
491252 4.3 12.6745 0.6 2.1682 1.2 0.1994 1.0 0.84 1172.1 10.4 1170.9 8.0 1168.7 12.2 1168.7 12.2 100.3 
Moecher R9-22 17Dec2017-Spot 57 91 
56851 1.1 12.6678 0.7 2.1017 1.3 0.1932 1.1 0.86 1138.5 11.7 1149.3 9.0 1169.8 13.4 1169.8 13.4 97.3 
Moecher R9-22 17Dec2017-Spot 278 94 
57546 3.6 12.6664 0.8 2.1484 1.4 0.1975 1.1 0.79 1161.6 11.4 1164.5 9.4 1170.0 16.4 1170.0 16.4 99.3 
Moecher R9-22 17Dec2017-Spot 312 248 
270069 3.1 12.6620 0.7 2.1800 1.0 0.2003 0.8 0.73 1176.8 8.1 1174.7 7.2 1170.7 14.1 1170.7 14.1 100.5 
Moecher R9-22 17Dec2017-Spot 298 137 
96575 1.6 12.6587 0.7 2.2169 1.1 0.2036 0.8 0.75 1194.7 9.1 1186.4 7.8 1171.2 14.6 1171.2 14.6 102.0 
Moecher R9-22 17Dec2017-Spot 44 289 
723022 1.2 12.6563 0.7 2.1106 1.4 0.1938 1.2 0.85 1142.1 12.4 1152.3 9.6 1171.6 14.4 1171.6 14.4 97.5 
Moecher R9-22 17Dec2017-Spot 314 140 
57414 2.2 12.6467 0.7 2.2079 1.1 0.2026 0.9 0.80 1189.3 9.9 1183.5 8.0 1173.1 13.5 1173.1 13.5 101.4 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 26 88 
43628 1.8 12.6363 0.8 2.1631 1.2 0.1983 0.9 0.75 1166.3 10.1 1169.3 8.7 1174.7 16.2 1174.7 16.2 99.3 
Moecher R9-22 17Dec2017-Spot 299 102 
93848 2.1 12.6171 0.8 2.1593 1.3 0.1977 1.0 0.81 1162.8 11.1 1168.0 8.9 1177.7 14.8 1177.7 14.8 98.7 
Moecher R9-22 17Dec2017-Spot 85 281 
115294 2.0 12.6134 0.7 2.1396 1.2 0.1958 1.0 0.83 1152.8 10.6 1161.7 8.3 1178.3 13.2 1178.3 13.2 97.8 
Moecher R9-22 17Dec2017-Spot 60 69 
135729 3.2 12.6088 0.7 2.1347 1.0 0.1953 0.8 0.76 1150.0 8.1 1160.1 7.0 1179.0 13.1 1179.0 13.1 97.5 
Moecher R9-22 17Dec2017-Spot 87 106 
58406 1.4 12.6032 0.7 2.1696 1.1 0.1984 0.9 0.77 1166.7 9.4 1171.3 7.9 1179.9 14.3 1179.9 14.3 98.9 
Moecher R9-22 17Dec2017-Spot 295 121 
98819 1.2 12.5705 0.6 2.1689 1.1 0.1978 0.9 0.83 1163.6 9.6 1171.1 7.5 1185.0 11.9 1185.0 11.9 98.2 
Moecher R9-22 17Dec2017-Spot 306 420 
297302 4.3 12.5636 0.5 2.1943 1.1 0.2000 1.0 0.88 1175.5 10.7 1179.2 7.9 1186.1 10.6 1186.1 10.6 99.1 
Moecher R9-22 17Dec2017-Spot 33 58 
15576 3.7 12.5558 0.8 2.2918 1.3 0.2088 1.0 0.75 1222.4 10.6 1209.8 8.9 1187.4 16.4 1187.4 16.4 102.9 
Moecher R9-22 17Dec2017-Spot 29 300 
245940 2.0 12.5301 0.7 2.1737 1.1 0.1976 0.8 0.78 1162.5 9.0 1172.7 7.5 1191.4 13.3 1191.4 13.3 97.6 
Moecher R9-22 17Dec2017-Spot 270 90 
6893473 2.4 12.5248 0.9 2.1339 1.5 0.1939 1.2 0.80 1142.6 12.3 1159.8 10.1 1192.2 17.4 1192.2 17.4 95.8 
Moecher R9-22 17Dec2017-Spot 190 602 
1080495 9.1 12.5166 0.6 2.2194 1.2 0.2016 1.0 0.84 1183.7 10.6 1187.2 8.2 1193.5 12.7 1193.5 12.7 99.2 
Moecher R9-22 17Dec2017-Spot 106 79 
63035 0.8 12.5076 0.8 2.2173 1.4 0.2012 1.1 0.82 1181.9 12.0 1186.5 9.5 1195.0 15.3 1195.0 15.3 98.9 
Moecher R9-22 17Dec2017-Spot 309 74 
913658 2.3 12.4959 0.8 2.1514 1.3 0.1951 1.0 0.76 1148.8 10.2 1165.5 8.8 1196.8 16.1 1196.8 16.1 96.0 
Moecher R9-22 17Dec2017-Spot 219 111 
93830 2.8 12.4695 0.8 2.2320 1.3 0.2019 1.1 0.79 1185.7 11.4 1191.1 9.4 1200.9 16.2 1200.9 16.2 98.7 
Moecher R9-22 17Dec2017-Spot 160 50 
58865 1.5 12.4518 0.8 2.3572 1.1 0.2130 0.8 0.73 1244.6 9.1 1229.7 7.8 1203.8 14.8 1203.8 14.8 103.4 
Moecher R9-22 17Dec2017-Spot 248 116 
97180 1.2 12.4449 0.6 2.3205 1.2 0.2095 1.0 0.85 1226.4 11.7 1218.6 8.7 1204.9 12.8 1204.9 12.8 101.8 
Moecher R9-22 17Dec2017-Spot 12 159 
67063 1.1 12.4196 0.6 2.2142 1.1 0.1995 0.9 0.82 1172.8 9.7 1185.5 7.8 1208.8 12.5 1208.8 12.5 97.0 
Moecher R9-22 17Dec2017-Spot 130 82 
67180 1.7 12.4157 1.0 2.2712 1.2 0.2046 0.7 0.59 1200.0 8.0 1203.4 8.7 1209.5 19.6 1209.5 19.6 99.2 
Moecher R9-22 17Dec2017-Spot 25 201 
415557 2.2 12.3799 0.7 2.2860 1.2 0.2053 1.0 0.83 1204.0 11.1 1208.0 8.6 1215.2 13.4 1215.2 13.4 99.1 
Moecher R9-22 17Dec2017-Spot 34 300 
65721 3.7 12.3723 0.6 2.3052 1.0 0.2069 0.9 0.84 1212.5 9.7 1213.9 7.4 1216.4 11.0 1216.4 11.0 99.7 
Moecher R9-22 17Dec2017-Spot 86 92 
107158 1.3 12.3624 0.9 2.3011 1.4 0.2064 1.1 0.77 1209.6 11.7 1212.6 9.8 1217.9 17.3 1217.9 17.3 99.3 
Moecher R9-22 17Dec2017-Spot 178 201 
94624 8.2 12.3562 0.9 2.1828 1.6 0.1957 1.3 0.82 1152.2 13.8 1175.6 11.1 1218.9 18.2 1218.9 18.2 94.5 
Moecher R9-22 17Dec2017-Spot 92 242 
198331 3.3 12.3441 0.7 2.2145 1.2 0.1984 1.0 0.80 1166.5 10.3 1185.6 8.4 1220.8 14.2 1220.8 14.2 95.5 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 293 633 
503326 2.2 12.3299 0.6 2.3748 1.1 0.2125 1.0 0.86 1241.9 10.9 1235.0 8.1 1223.1 11.5 1223.1 11.5 101.5 
Moecher R9-22 17Dec2017-Spot 27 133 
67492 1.6 12.3110 0.6 2.3319 1.1 0.2083 0.9 0.81 1219.8 9.9 1222.1 7.8 1226.1 12.5 1226.1 12.5 99.5 
Moecher R9-22 17Dec2017-Spot 277 112 
1117075 2.4 12.3063 0.7 2.2715 1.1 0.2028 0.9 0.78 1190.5 9.5 1203.5 8.0 1226.9 14.0 1226.9 14.0 97.0 
Moecher R9-22 17Dec2017-Spot 209 259 
127845 1.9 12.3063 0.6 2.3531 1.3 0.2101 1.2 0.89 1229.4 13.2 1228.5 9.5 1226.9 12.2 1226.9 12.2 100.2 
Moecher R9-22 17Dec2017-Spot 210 157 
74388 2.2 12.3005 0.6 2.3259 1.1 0.2076 0.9 0.81 1215.9 9.9 1220.2 7.8 1227.8 12.7 1227.8 12.7 99.0 
Moecher R9-22 17Dec2017-Spot 286 135 
580416 3.6 12.2511 0.6 2.3207 1.0 0.2063 0.8 0.80 1209.0 9.0 1218.6 7.3 1235.7 12.1 1235.7 12.1 97.8 
Moecher R9-22 17Dec2017-Spot 237 827 
168358 2.7 12.2422 0.6 2.3925 1.0 0.2125 0.8 0.80 1242.2 9.0 1240.4 7.1 1237.1 11.7 1237.1 11.7 100.4 
Moecher R9-22 17Dec2017-Spot 101 120 
18504 1.2 12.2142 2.2 2.2028 2.5 0.1952 1.2 0.47 1149.6 12.7 1181.9 17.8 1241.6 43.9 1241.6 43.9 92.6 
Moecher R9-22 17Dec2017-Spot 8 333 
572609 3.8 12.2012 0.6 2.3385 1.1 0.2070 0.9 0.83 1212.9 10.4 1224.1 8.1 1243.7 12.3 1243.7 12.3 97.5 
Moecher R9-22 17Dec2017-Spot 66 126 
1182223 2.3 12.1771 0.7 2.3439 1.2 0.2071 0.9 0.78 1213.3 10.1 1225.7 8.3 1247.6 14.3 1247.6 14.3 97.3 
Moecher R9-22 17Dec2017-Spot 79 394 
1822792 3.0 12.1736 0.7 2.3124 1.3 0.2043 1.1 0.86 1198.1 12.1 1216.1 9.1 1248.1 12.7 1248.1 12.7 96.0 
Moecher R9-22 17Dec2017-Spot 233 143 
376974 3.8 12.1177 0.7 2.4961 1.2 0.2195 1.0 0.83 1279.1 11.7 1270.9 8.8 1257.1 13.0 1257.1 13.0 101.7 
Moecher R9-22 17Dec2017-Spot 127 247 
274726 2.0 12.1110 0.7 2.3908 1.2 0.2101 1.0 0.82 1229.3 11.3 1239.9 8.8 1258.2 13.6 1258.2 13.6 97.7 
Moecher R9-22 17Dec2017-Spot 68 23 
8879 2.8 12.0974 1.0 2.5120 1.5 0.2205 1.1 0.72 1284.5 12.3 1275.5 10.7 1260.4 19.8 1260.4 19.8 101.9 
Moecher R9-22 17Dec2017-Spot 225 253 
112620 4.0 11.9268 0.8 2.5685 1.5 0.2223 1.2 0.82 1293.9 14.1 1291.7 10.7 1288.1 16.2 1288.1 16.2 100.4 
Moecher R9-22 17Dec2017-Spot 308 31 
52038 1.8 11.9237 0.8 2.5068 1.3 0.2169 1.0 0.78 1265.4 11.6 1274.0 9.4 1288.6 15.8 1288.6 15.8 98.2 
Moecher R9-22 17Dec2017-Spot 4 501 
118010 1.5 11.8294 0.7 2.6713 1.2 0.2293 1.0 0.81 1330.7 11.5 1320.5 8.7 1304.0 13.3 1304.0 13.3 102.0 
Moecher R9-22 17Dec2017-Spot 179 322 
514005 3.1 11.8055 0.6 2.6728 1.1 0.2290 1.0 0.87 1329.0 11.7 1321.0 8.3 1308.0 10.7 1308.0 10.7 101.6 
Moecher R9-22 17Dec2017-Spot 218 257 
83415 2.9 11.7821 0.7 2.6556 1.8 0.2270 1.7 0.92 1318.9 19.8 1316.2 13.4 1311.8 13.9 1311.8 13.9 100.5 
Moecher R9-22 17Dec2017-Spot 70 159 
36364 1.6 11.7455 1.4 2.4711 1.6 0.2106 0.9 0.52 1232.0 9.5 1263.6 11.7 1317.8 26.8 1317.8 26.8 93.5 
Moecher R9-22 17Dec2017-Spot 223 102 
251143 1.5 11.7445 0.7 2.6301 1.2 0.2241 0.9 0.79 1303.7 10.8 1309.1 8.5 1318.0 13.7 1318.0 13.7 98.9 
Moecher R9-22 17Dec2017-Spot 5 240 
137157 2.0 11.7344 0.6 2.6325 1.2 0.2241 1.0 0.84 1303.7 11.7 1309.8 8.7 1319.7 12.6 1319.7 12.6 98.8 
Moecher R9-22 17Dec2017-Spot 100 276 
245391 2.5 11.7125 0.6 2.6476 1.2 0.2250 1.0 0.85 1308.3 12.0 1314.0 8.8 1323.3 12.2 1323.3 12.2 98.9 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 88 161 
114157 4.5 11.7012 0.5 2.7094 1.0 0.2300 0.8 0.87 1334.7 10.2 1331.0 7.1 1325.2 9.1 1325.2 9.1 100.7 
Moecher R9-22 17Dec2017-Spot 310 260 
101659 1.7 11.6666 0.6 2.6285 1.1 0.2225 1.0 0.86 1295.1 11.5 1308.7 8.4 1330.9 11.2 1330.9 11.2 97.3 
Moecher R9-22 17Dec2017-Spot 107 20 
41763 1.3 11.6525 1.0 2.6473 1.4 0.2238 1.0 0.72 1302.1 11.9 1313.9 10.4 1333.2 19.0 1333.2 19.0 97.7 
Moecher R9-22 17Dec2017-Spot 163 111 
243491 1.1 11.6263 0.7 2.7008 1.2 0.2278 1.0 0.84 1323.2 12.6 1328.7 9.2 1337.6 12.9 1337.6 12.9 98.9 
Moecher R9-22 17Dec2017-Spot 259 320 
192617 2.9 11.5402 0.6 2.6699 1.3 0.2236 1.1 0.89 1300.6 13.3 1320.2 9.3 1351.9 10.9 1351.9 10.9 96.2 
Moecher R9-22 17Dec2017-Spot 234 89 
23613 3.0 11.5107 1.6 2.3057 2.0 0.1926 1.2 0.62 1135.3 13.0 1214.1 14.2 1356.9 30.4 1356.9 30.4 83.7 
Moecher R9-22 17Dec2017-Spot 7 404 
155743 2.1 11.4834 0.6 2.7839 1.2 0.2320 1.1 0.86 1344.8 12.8 1351.2 9.2 1361.5 12.2 1361.5 12.2 98.8 
Moecher R9-22 17Dec2017-Spot 165 73 
115931 1.2 11.4520 0.7 2.6980 1.0 0.2242 0.7 0.70 1304.0 8.1 1327.9 7.3 1366.7 13.6 1366.7 13.6 95.4 
Moecher R9-22 17Dec2017-Spot 117 62 
107292 1.5 11.3475 0.8 2.9178 1.3 0.2402 1.1 0.82 1387.9 13.7 1386.5 10.1 1384.4 14.7 1384.4 14.7 100.3 
Moecher R9-22 17Dec2017-Spot 264 82 
313200 2.2 11.3286 0.6 2.9013 1.2 0.2385 1.0 0.85 1378.8 12.7 1382.3 9.1 1387.6 12.4 1387.6 12.4 99.4 
Moecher R9-22 17Dec2017-Spot 304 317 
334165 2.2 11.2333 0.7 2.9952 1.1 0.2441 0.9 0.81 1408.1 11.3 1406.4 8.4 1403.8 12.5 1403.8 12.5 100.3 
Moecher R9-22 17Dec2017-Spot 297 101 
15801 1.5 11.2206 1.1 2.4548 1.4 0.1999 1.0 0.66 1174.5 10.2 1258.8 10.4 1405.9 20.8 1405.9 20.8 83.5 
Moecher R9-22 17Dec2017-Spot 166 55 
144012 2.2 11.1388 0.8 3.0833 1.2 0.2492 0.9 0.76 1434.3 12.2 1428.6 9.6 1419.9 15.5 1419.9 15.5 101.0 
Moecher R9-22 17Dec2017-Spot 272 548 
262103 2.0 11.0798 0.5 3.1293 1.2 0.2516 1.1 0.91 1446.6 14.5 1439.9 9.5 1430.1 10.0 1430.1 10.0 101.2 
Moecher R9-22 17Dec2017-Spot 142 143 
95529 2.2 11.0377 0.8 3.0506 1.2 0.2443 1.0 0.78 1409.1 12.0 1420.4 9.3 1437.3 14.4 1437.3 14.4 98.0 
Moecher R9-22 17Dec2017-Spot 238 225 
341217 2.0 11.0183 0.7 3.0193 1.1 0.2414 0.9 0.81 1393.9 11.6 1412.5 8.7 1440.7 12.8 1440.7 12.8 96.8 
Moecher R9-22 17Dec2017-Spot 230 82 
109534 1.8 10.9700 0.6 3.1443 1.2 0.2503 1.0 0.83 1439.9 12.5 1443.6 9.0 1449.0 12.3 1449.0 12.3 99.4 
Moecher R9-22 17Dec2017-Spot 89 745 
484417 3.8 10.9460 0.4 3.2755 1.0 0.2602 0.9 0.91 1490.6 11.9 1475.3 7.7 1453.2 7.9 1453.2 7.9 102.6 
Moecher R9-22 17Dec2017-Spot 257 236 
134338 3.6 10.9358 0.7 3.2398 1.0 0.2571 0.8 0.76 1474.9 10.5 1466.7 8.1 1455.0 12.9 1455.0 12.9 101.4 
Moecher R9-22 17Dec2017-Spot 197 233 
1295569 1.9 10.9176 0.6 3.2104 1.1 0.2543 0.9 0.82 1460.7 12.2 1459.7 8.8 1458.2 12.3 1458.2 12.3 100.2 
Moecher R9-22 17Dec2017-Spot 301 71 
14625463 1.3 10.8979 0.8 3.3401 1.3 0.2641 1.1 0.81 1510.9 14.5 1490.5 10.4 1461.6 14.7 1461.6 14.7 103.4 
Moecher R9-22 17Dec2017-Spot 93 94 
138327 1.9 10.8960 0.6 3.1136 1.2 0.2462 1.0 0.86 1418.7 13.2 1436.1 9.3 1461.9 11.8 1461.9 11.8 97.0 
Moecher R9-22 17Dec2017-Spot 52 89 
247203 2.9 10.7812 0.7 3.1718 1.5 0.2481 1.3 0.89 1428.8 17.0 1450.3 11.4 1482.0 12.6 1482.0 12.6 96.4 
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Appendix A: R9-22 U-Pb geochronology analysis 
              
Isotope 
ratios         
Apparent ages (Ma) 
          
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-22 17Dec2017-Spot 251 35 
15957 2.5 10.7420 1.1 3.2534 1.5 0.2536 1.0 0.69 1456.9 13.4 1470.0 11.6 1488.9 20.5 1488.9 20.5 97.8 
Moecher R9-22 17Dec2017-Spot 112 228 
744591 1.3 10.6899 0.8 3.3036 1.4 0.2562 1.1 0.81 1470.6 14.7 1481.9 10.8 1498.1 15.6 1498.1 15.6 98.2 
Moecher R9-22 17Dec2017-Spot 215 254 
1903480 0.9 9.3367 0.6 3.6807 1.1 0.2494 0.9 0.82 1435.1 11.4 1567.2 8.6 1749.9 11.4 1749.9 11.4 82.0 
Moecher R9-22 17Dec2017-Spot 20 109 
85646 1.1 8.2758 0.8 5.9199 1.3 0.3555 1.0 0.80 1960.7 17.3 1964.2 11.1 1967.8 13.5 1967.8 13.5 99.6 
Moecher R9-22 17Dec2017-Spot 128 185 
454091 4.6 5.2488 0.6 14.2356 1.0 0.5422 0.8 0.81 2792.5 17.5 2765.5 9.1 2745.9 9.2 2745.9 9.2 101.7 
Moecher R9-22 17Dec2017-Spot 82 210 
1447637 1.7 4.4189 0.5 17.9138 1.0 0.5744 0.9 0.85 2925.7 20.6 2985.1 9.9 3025.4 8.7 3025.4 8.7 96.7 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 23 332 
56775 1.7 18.3773 0.7 0.4802 1.2 0.0640 0.9 0.78 400.1 3.6 398.2 3.9 387.3 16.7 400.1 3.6 103.3 
Moecher R9-52 17Dec2017-Spot 282 268 
49483 2.2 18.2033 0.9 0.4906 1.2 0.0648 0.9 0.71 404.7 3.4 405.3 4.1 408.6 19.6 404.7 3.4 99.1 
Moecher R9-52 17Dec2017-Spot 217 221 
16814 1.1 18.1486 0.9 0.4938 1.3 0.0650 0.9 0.69 406.1 3.6 407.5 4.4 415.3 21.1 406.1 3.6 97.8 
Moecher R9-52 17Dec2017-Spot 281 291 
186316 1.2 17.8417 0.8 0.5218 1.5 0.0675 1.3 0.84 421.3 5.2 426.3 5.3 453.3 18.4 421.3 5.2 92.9 
Moecher R9-52 17Dec2017-Spot 16 276 
289379 1.5 17.8397 1.0 0.5230 1.4 0.0677 1.0 0.73 422.3 4.3 427.2 5.0 453.6 21.9 422.3 4.3 93.1 
Moecher R9-52 17Dec2017-Spot 146 76 
12643 1.2 17.6335 1.5 0.5298 1.9 0.0678 1.2 0.61 422.8 4.7 431.7 6.7 479.3 33.5 422.8 4.7 88.2 
Moecher R9-52 17Dec2017-Spot 175 376 
246345 1.2 17.9618 0.8 0.5236 1.2 0.0682 0.8 0.72 425.5 3.5 427.5 4.1 438.4 17.9 425.5 3.5 97.1 
Moecher R9-52 17Dec2017-Spot 166 188 
33172 1.6 18.0157 1.0 0.5284 1.3 0.0691 0.9 0.66 430.5 3.7 430.7 4.7 431.7 22.4 430.5 3.7 99.7 
Moecher R9-52 17Dec2017-Spot 86 215 
78646 1.3 18.0997 0.9 0.5368 1.3 0.0705 1.0 0.76 439.2 4.3 436.3 4.7 421.3 19.1 439.2 4.3 104.2 
Moecher R9-52 17Dec2017-Spot 193 190 
35164 1.1 17.7059 0.9 0.5529 1.3 0.0710 0.9 0.70 442.4 3.8 446.9 4.6 470.3 20.1 442.4 3.8 94.1 
Moecher R9-52 17Dec2017-Spot 188 256 
41982 1.6 17.7104 1.0 0.5599 1.3 0.0719 0.9 0.65 447.9 3.8 451.5 4.9 469.7 22.7 447.9 3.8 95.4 
Moecher R9-52 17Dec2017-Spot 45 186 
37197 1.6 17.5237 1.0 0.5688 1.4 0.0723 1.0 0.71 450.1 4.4 457.2 5.2 493.1 21.9 450.1 4.4 91.3 
Moecher R9-52 17Dec2017-Spot 212 234 
148266 2.3 17.6676 1.0 0.5717 1.4 0.0733 1.0 0.71 455.9 4.2 459.1 5.0 475.0 21.0 455.9 4.2 96.0 
Moecher R9-52 17Dec2017-Spot 311 221 
1407438 0.8 17.5797 0.7 0.5781 1.3 0.0737 1.0 0.81 458.6 4.6 463.2 4.7 486.1 16.2 458.6 4.6 94.4 
Moecher R9-52 17Dec2017-Spot 215 298 
91071 1.7 17.6447 0.8 0.5775 1.3 0.0739 1.0 0.79 459.8 4.6 462.9 4.9 477.9 17.8 459.8 4.6 96.2 
Moecher R9-52 17Dec2017-Spot 97 694 
601273 2.7 17.7067 0.6 0.5932 1.1 0.0762 0.9 0.83 473.4 4.2 472.9 4.2 470.2 13.6 473.4 4.2 100.7 
Moecher R9-52 17Dec2017-Spot 72 133 
38554 1.1 14.3588 0.7 1.5141 1.2 0.1577 0.9 0.77 944.2 7.9 936.1 7.1 917.0 15.3 917.0 15.3 103.0 
Moecher R9-52 17Dec2017-Spot 145 102 
46930 2.6 14.2611 0.8 1.4801 1.2 0.1532 0.9 0.73 918.6 7.4 922.3 7.2 931.0 16.8 931.0 16.8 98.7 
Moecher R9-52 17Dec2017-Spot 198 555 
212632 2.4 14.2364 0.5 1.4931 1.1 0.1542 1.0 0.87 924.7 8.2 927.6 6.7 934.6 11.0 934.6 11.0 98.9 
Moecher R9-52 17Dec2017-Spot 164 176 
113975 2.1 14.1680 0.7 1.4138 1.0 0.1453 0.7 0.73 874.8 6.0 894.8 6.0 944.4 14.3 944.4 14.3 92.6 
Moecher R9-52 17Dec2017-Spot 223 23 
7245 0.8 14.0668 1.2 1.5592 1.6 0.1591 1.0 0.64 952.0 8.9 954.1 9.7 959.1 24.6 959.1 24.6 99.3 
Moecher R9-52 17Dec2017-Spot 222 103 
73132 2.1 14.0519 0.8 1.6074 1.2 0.1639 1.0 0.78 978.3 8.8 973.1 7.7 961.3 15.6 961.3 15.6 101.8 
Moecher R9-52 17Dec2017-Spot 12 52 
10576 1.3 13.9335 0.9 1.6256 1.3 0.1644 0.9 0.73 980.9 8.6 980.2 8.1 978.5 17.8 978.5 17.8 100.2 
  
  
1
5
7
 
 
Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 306 59 
25019 0.6 13.8091 0.9 1.5552 1.3 0.1558 0.9 0.70 933.5 8.0 952.6 8.2 996.8 19.3 996.8 19.3 93.7 
Moecher R9-52 17Dec2017-Spot 211 175 
1009259 3.1 13.7970 0.8 1.6464 1.2 0.1648 0.9 0.76 983.5 8.4 988.2 7.6 998.5 15.9 998.5 15.9 98.5 
Moecher R9-52 17Dec2017-Spot 100 159 
53108 2.7 13.7844 0.7 1.7510 1.3 0.1751 1.1 0.85 1040.3 10.8 1027.5 8.5 1000.4 14.0 1000.4 14.0 104.0 
Moecher R9-52 17Dec2017-Spot 99 383 
2132603 2.6 13.7804 0.8 1.7195 1.1 0.1719 0.8 0.71 1022.7 7.6 1015.8 7.2 1001.0 15.9 1001.0 15.9 102.2 
Moecher R9-52 17Dec2017-Spot 47 201 
66975 2.5 13.7591 0.7 1.7299 1.2 0.1727 0.9 0.82 1027.0 9.0 1019.7 7.4 1004.1 13.4 1004.1 13.4 102.3 
Moecher R9-52 17Dec2017-Spot 76 466 
204688 3.2 13.7270 0.6 1.7129 1.0 0.1706 0.8 0.82 1015.4 7.4 1013.4 6.2 1008.9 11.2 1008.9 11.2 100.7 
Moecher R9-52 17Dec2017-Spot 65 467 
777621 8.7 13.7255 0.7 1.7138 1.1 0.1707 0.9 0.80 1015.9 8.4 1013.7 7.1 1009.1 13.5 1009.1 13.5 100.7 
Moecher R9-52 17Dec2017-Spot 77 180 
63974 6.3 13.6904 0.7 1.7421 1.3 0.1730 1.1 0.83 1028.9 10.1 1024.2 8.2 1014.3 14.2 1014.3 14.2 101.4 
Moecher R9-52 17Dec2017-Spot 183 319 
1518181 2.7 13.6841 0.7 1.7347 1.2 0.1722 1.0 0.81 1024.4 9.3 1021.5 7.9 1015.2 14.6 1015.2 14.6 100.9 
Moecher R9-52 17Dec2017-Spot 295 124 
147347 1.1 13.6625 0.6 1.6296 1.1 0.1615 0.9 0.82 965.4 8.4 981.7 7.1 1018.4 13.1 1018.4 13.1 94.8 
Moecher R9-52 17Dec2017-Spot 266 52 
12281 1.6 13.6323 0.7 1.7723 1.2 0.1753 0.9 0.79 1041.3 8.8 1035.4 7.5 1022.9 14.5 1022.9 14.5 101.8 
Moecher R9-52 17Dec2017-Spot 233 266 
92457 6.2 13.6297 0.8 1.6746 1.4 0.1656 1.1 0.82 987.9 10.4 998.9 8.8 1023.3 15.8 1023.3 15.8 96.5 
Moecher R9-52 17Dec2017-Spot 101 160 
100760 1.9 13.6289 0.8 1.7179 1.3 0.1699 1.1 0.81 1011.4 10.1 1015.2 8.5 1023.4 15.5 1023.4 15.5 98.8 
Moecher R9-52 17Dec2017-Spot 209 518 
374946 3.8 13.6111 0.6 1.7221 1.2 0.1701 1.0 0.86 1012.5 9.6 1016.8 7.7 1026.0 12.5 1026.0 12.5 98.7 
Moecher R9-52 17Dec2017-Spot 11 133 
67335 2.0 13.6085 0.7 1.6934 1.0 0.1672 0.8 0.76 996.7 7.2 1006.0 6.5 1026.4 13.4 1026.4 13.4 97.1 
Moecher R9-52 17Dec2017-Spot 230 215 
41753 4.6 13.6059 0.7 1.8006 1.4 0.1778 1.2 0.85 1054.7 11.5 1045.7 9.1 1026.8 14.9 1026.8 14.9 102.7 
Moecher R9-52 17Dec2017-Spot 71 96 
102419 1.1 13.5956 0.9 1.6528 1.4 0.1630 1.1 0.76 973.7 9.9 990.6 9.1 1028.3 18.8 1028.3 18.8 94.7 
Moecher R9-52 17Dec2017-Spot 207 399 
205112 1.8 13.5910 0.6 1.7244 1.2 0.1700 1.0 0.84 1012.4 9.3 1017.7 7.6 1029.0 12.8 1029.0 12.8 98.4 
Moecher R9-52 17Dec2017-Spot 115 85 
23741 1.9 13.5907 1.0 1.6864 1.5 0.1663 1.1 0.75 991.7 10.0 1003.4 9.3 1029.1 19.7 1029.1 19.7 96.4 
Moecher R9-52 17Dec2017-Spot 123 58 
55959 0.8 13.5879 1.0 1.7048 1.3 0.1681 0.9 0.66 1001.5 8.2 1010.3 8.5 1029.5 20.2 1029.5 20.2 97.3 
Moecher R9-52 17Dec2017-Spot 297 49 
71581 0.8 13.5491 1.0 1.6126 1.4 0.1585 0.9 0.66 948.6 8.1 975.1 8.6 1035.3 20.9 1035.3 20.9 91.6 
Moecher R9-52 17Dec2017-Spot 298 10 
38743 1.0 13.5391 1.8 1.7129 2.1 0.1683 1.0 0.49 1002.6 9.5 1013.4 13.4 1036.8 36.7 1036.8 36.7 96.7 
Moecher R9-52 17Dec2017-Spot 51 156 
59055 3.9 13.5285 0.8 1.7203 1.3 0.1689 1.0 0.78 1005.9 9.3 1016.1 8.3 1038.3 16.5 1038.3 16.5 96.9 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 28 31 
19923 1.7 13.5156 1.2 1.7619 1.6 0.1728 1.1 0.67 1027.4 10.1 1031.5 10.3 1040.3 23.8 1040.3 23.8 98.8 
Moecher R9-52 17Dec2017-Spot 96 120 
40009 1.8 13.5156 0.9 1.7926 1.4 0.1758 1.0 0.77 1044.0 10.1 1042.8 8.9 1040.3 17.6 1040.3 17.6 100.4 
Moecher R9-52 17Dec2017-Spot 304 286 
440961 3.1 13.5142 0.8 1.7240 1.1 0.1690 0.9 0.74 1006.9 7.9 1017.5 7.4 1040.5 15.5 1040.5 15.5 96.8 
Moecher R9-52 17Dec2017-Spot 168 268 
89583 3.2 13.5109 0.8 1.8221 1.3 0.1786 1.1 0.82 1059.4 10.5 1053.4 8.6 1041.0 15.4 1041.0 15.4 101.8 
Moecher R9-52 17Dec2017-Spot 195 160 
683288 2.4 13.5080 0.9 1.7947 1.4 0.1759 1.0 0.76 1044.6 9.9 1043.6 8.9 1041.4 17.9 1041.4 17.9 100.3 
Moecher R9-52 17Dec2017-Spot 202 113 
269474 2.7 13.5046 0.8 1.7172 1.5 0.1683 1.2 0.82 1002.6 11.2 1015.0 9.4 1041.9 16.8 1041.9 16.8 96.2 
Moecher R9-52 17Dec2017-Spot 54 162 
75851 1.8 13.5027 0.8 1.8017 1.2 0.1765 0.9 0.74 1048.0 9.0 1046.1 8.1 1042.2 16.8 1042.2 16.8 100.6 
Moecher R9-52 17Dec2017-Spot 121 293 
99538 1.2 13.4980 0.6 1.7970 1.1 0.1760 0.9 0.82 1045.1 8.9 1044.4 7.3 1042.9 13.1 1042.9 13.1 100.2 
Moecher R9-52 17Dec2017-Spot 301 204 
110701 3.1 13.4948 0.7 1.7446 1.2 0.1708 0.9 0.79 1016.6 8.7 1025.2 7.6 1043.4 14.5 1043.4 14.5 97.4 
Moecher R9-52 17Dec2017-Spot 59 402 
115771 1.0 13.4930 0.6 1.7128 1.3 0.1677 1.1 0.86 999.4 10.1 1013.3 8.1 1043.7 12.9 1043.7 12.9 95.8 
Moecher R9-52 17Dec2017-Spot 283 87 
43968 1.5 13.4872 1.0 1.8596 1.7 0.1820 1.4 0.82 1077.8 13.8 1066.8 11.1 1044.5 19.3 1044.5 19.3 103.2 
Moecher R9-52 17Dec2017-Spot 105 44 
68030 1.6 13.4834 1.1 1.8310 1.5 0.1791 1.0 0.68 1062.2 10.2 1056.6 10.1 1045.1 22.7 1045.1 22.7 101.6 
Moecher R9-52 17Dec2017-Spot 9 205 
112698 2.5 13.4599 0.7 1.7491 1.3 0.1708 1.1 0.84 1016.7 10.3 1026.8 8.4 1048.6 14.3 1048.6 14.3 97.0 
Moecher R9-52 17Dec2017-Spot 163 110 
103428 2.5 13.4504 0.8 1.7118 1.3 0.1671 1.0 0.80 995.9 9.6 1012.9 8.4 1050.1 16.0 1050.1 16.0 94.8 
Moecher R9-52 17Dec2017-Spot 67 245 
155577 3.5 13.4500 0.7 1.8269 1.2 0.1783 1.0 0.82 1057.6 9.9 1055.2 8.1 1050.1 14.1 1050.1 14.1 100.7 
Moecher R9-52 17Dec2017-Spot 165 602 
149448 5.0 13.4498 0.7 1.7197 1.1 0.1678 0.8 0.78 1000.1 7.8 1015.9 6.9 1050.1 13.7 1050.1 13.7 95.2 
Moecher R9-52 17Dec2017-Spot 112 112 
396088 6.5 13.4395 0.7 1.7365 1.1 0.1693 0.8 0.76 1008.4 7.6 1022.2 6.9 1051.7 13.9 1051.7 13.9 95.9 
Moecher R9-52 17Dec2017-Spot 73 218 
149874 186.9 13.4332 0.8 1.7527 1.4 0.1708 1.1 0.83 1016.7 10.7 1028.2 8.9 1052.6 15.5 1052.6 15.5 96.6 
Moecher R9-52 17Dec2017-Spot 63 226 
444045 2.1 13.4330 0.7 1.7351 1.2 0.1691 1.0 0.83 1007.3 9.4 1021.7 7.9 1052.7 13.8 1052.7 13.8 95.7 
Moecher R9-52 17Dec2017-Spot 91 203 
163289 1.2 13.3949 0.6 1.8169 1.0 0.1766 0.8 0.82 1048.3 8.1 1051.6 6.7 1058.4 11.7 1058.4 11.7 99.0 
Moecher R9-52 17Dec2017-Spot 226 59 
32024 1.2 13.3903 1.2 1.9354 1.7 0.1880 1.2 0.71 1110.8 12.7 1093.4 11.7 1059.1 24.7 1059.1 24.7 104.9 
Moecher R9-52 17Dec2017-Spot 124 76 
82213 1.6 13.3823 0.8 1.8730 1.2 0.1819 1.0 0.78 1077.1 9.6 1071.6 8.2 1060.3 15.8 1060.3 15.8 101.6 
Moecher R9-52 17Dec2017-Spot 261 118 
88486 2.9 13.3519 0.8 1.7936 1.1 0.1738 0.8 0.73 1032.8 7.7 1043.2 7.2 1064.8 15.2 1064.8 15.2 97.0 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 138 125 
114488 2.6 13.3503 0.7 1.8097 1.2 0.1753 1.0 0.80 1041.3 9.4 1049.0 8.0 1065.1 14.8 1065.1 14.8 97.8 
Moecher R9-52 17Dec2017-Spot 229 635 
9742894 3.0 13.3495 0.5 1.8301 1.1 0.1773 0.9 0.88 1052.0 9.0 1056.3 6.9 1065.2 10.1 1065.2 10.1 98.8 
Moecher R9-52 17Dec2017-Spot 179 65 
61242 1.1 13.3494 0.9 1.8363 1.4 0.1779 1.1 0.78 1055.3 10.5 1058.5 9.1 1065.2 17.4 1065.2 17.4 99.1 
Moecher R9-52 17Dec2017-Spot 20 130 
65997 2.7 13.3461 0.8 1.7835 1.3 0.1727 1.0 0.80 1027.0 9.9 1039.5 8.5 1065.7 15.8 1065.7 15.8 96.4 
Moecher R9-52 17Dec2017-Spot 185 268 
114571 3.1 13.3457 0.7 1.8567 1.3 0.1798 1.1 0.84 1065.9 11.0 1065.8 8.7 1065.8 14.4 1065.8 14.4 100.0 
Moecher R9-52 17Dec2017-Spot 58 57 
138660 1.3 13.3325 0.8 1.8642 1.3 0.1803 1.0 0.76 1068.8 9.8 1068.5 8.6 1067.8 16.9 1067.8 16.9 100.1 
Moecher R9-52 17Dec2017-Spot 242 205 
249717 1.7 13.3280 0.7 1.8385 1.1 0.1778 0.9 0.80 1054.9 8.9 1059.3 7.5 1068.5 13.8 1068.5 13.8 98.7 
Moecher R9-52 17Dec2017-Spot 167 195 
201065 1.2 13.3247 0.7 1.8092 1.0 0.1749 0.7 0.72 1039.1 6.9 1048.8 6.5 1068.9 13.9 1068.9 13.9 97.2 
Moecher R9-52 17Dec2017-Spot 302 51 
41624 1.3 13.3038 1.0 1.7852 1.4 0.1723 1.1 0.74 1024.9 10.0 1040.1 9.3 1072.1 19.4 1072.1 19.4 95.6 
Moecher R9-52 17Dec2017-Spot 87 78 
91882 2.9 13.3027 0.9 1.9699 1.5 0.1901 1.2 0.79 1122.1 12.4 1105.3 10.2 1072.3 18.5 1072.3 18.5 104.7 
Moecher R9-52 17Dec2017-Spot 245 59 
23652 2.2 13.2957 1.1 1.8421 1.5 0.1777 1.1 0.71 1054.5 10.3 1060.6 9.9 1073.3 21.4 1073.3 21.4 98.2 
Moecher R9-52 17Dec2017-Spot 158 495 
562458 3.6 13.2889 0.6 1.8545 1.3 0.1788 1.2 0.89 1060.5 11.3 1065.0 8.6 1074.4 12.2 1074.4 12.2 98.7 
Moecher R9-52 17Dec2017-Spot 139 131 
145774 1.4 13.2838 0.6 1.8166 1.1 0.1751 1.0 0.85 1040.1 9.2 1051.5 7.4 1075.1 12.0 1075.1 12.0 96.7 
Moecher R9-52 17Dec2017-Spot 53 168 
113083 1.9 13.2786 0.7 1.8762 1.2 0.1808 1.0 0.84 1071.2 10.3 1072.7 8.2 1075.9 13.7 1075.9 13.7 99.6 
Moecher R9-52 17Dec2017-Spot 95 365 
93375 3.1 13.2770 0.7 1.8215 1.1 0.1755 0.9 0.81 1042.2 8.8 1053.2 7.4 1076.1 13.3 1076.1 13.3 96.9 
Moecher R9-52 17Dec2017-Spot 148 258 
119077 1.5 13.2761 0.5 1.8670 1.0 0.1798 0.8 0.85 1066.1 8.1 1069.5 6.5 1076.3 10.5 1076.3 10.5 99.1 
Moecher R9-52 17Dec2017-Spot 5 272 
186984 1.3 13.2758 0.8 1.8157 1.3 0.1749 1.0 0.78 1039.1 9.4 1051.1 8.2 1076.3 15.7 1076.3 15.7 96.5 
Moecher R9-52 17Dec2017-Spot 234 316 
493203 1.9 13.2414 0.8 1.8582 1.2 0.1785 1.0 0.77 1058.9 9.4 1066.3 8.2 1081.5 16.0 1081.5 16.0 97.9 
Moecher R9-52 17Dec2017-Spot 191 53 
1466906 2.6 13.2401 1.0 1.6774 1.5 0.1611 1.2 0.76 963.1 10.5 1000.0 9.9 1081.7 20.2 1081.7 20.2 89.0 
Moecher R9-52 17Dec2017-Spot 292 52 
22523 1.7 13.2386 1.1 1.7882 1.5 0.1718 1.0 0.69 1021.8 9.7 1041.2 9.7 1082.0 21.6 1082.0 21.6 94.4 
Moecher R9-52 17Dec2017-Spot 30 109 
898480 2.2 13.1989 0.9 1.8190 1.3 0.1742 1.0 0.74 1035.2 9.3 1052.3 8.5 1088.0 17.4 1088.0 17.4 95.2 
Moecher R9-52 17Dec2017-Spot 272 84 
78490 1.3 13.1820 0.8 1.8014 1.3 0.1723 1.1 0.79 1024.8 10.0 1046.0 8.6 1090.5 16.1 1090.5 16.1 94.0 
Moecher R9-52 17Dec2017-Spot 144 110 
31850 2.3 13.1775 0.8 1.8820 1.4 0.1799 1.1 0.80 1066.7 10.9 1074.8 9.2 1091.2 16.5 1091.2 16.5 97.8 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 239 145 
1468511 1.7 13.1764 0.8 1.8389 1.2 0.1758 0.9 0.75 1044.0 8.4 1059.5 7.6 1091.4 15.3 1091.4 15.3 95.7 
Moecher R9-52 17Dec2017-Spot 104 163 
80537 2.7 13.1661 0.7 1.8679 1.1 0.1784 0.9 0.78 1058.5 8.4 1069.8 7.3 1093.0 14.0 1093.0 14.0 96.8 
Moecher R9-52 17Dec2017-Spot 228 92 
81349 2.0 13.1532 0.8 1.9082 1.3 0.1821 1.0 0.80 1078.5 10.4 1084.0 8.7 1094.9 15.7 1094.9 15.7 98.5 
Moecher R9-52 17Dec2017-Spot 24 74 
36891 1.7 13.1449 0.9 1.8898 1.4 0.1802 1.1 0.77 1068.3 10.5 1077.5 9.2 1096.2 17.7 1096.2 17.7 97.5 
Moecher R9-52 17Dec2017-Spot 89 116 
43913 1.1 13.1412 0.8 1.8657 1.3 0.1779 1.1 0.81 1055.5 10.5 1069.0 8.8 1096.7 15.7 1096.7 15.7 96.2 
Moecher R9-52 17Dec2017-Spot 300 185 
49095 2.7 13.1254 0.9 1.7406 1.2 0.1658 0.8 0.70 988.8 7.7 1023.7 7.8 1099.1 17.1 1099.1 17.1 90.0 
Moecher R9-52 17Dec2017-Spot 312 25 
85526 1.8 13.1171 1.2 1.8102 1.7 0.1723 1.2 0.73 1024.7 11.7 1049.1 11.0 1100.4 23.0 1100.4 23.0 93.1 
Moecher R9-52 17Dec2017-Spot 6 209 
137423 1.1 13.1130 0.6 1.8607 1.1 0.1770 0.9 0.84 1050.8 8.9 1067.2 7.2 1101.0 11.6 1101.0 11.6 95.4 
Moecher R9-52 17Dec2017-Spot 252 135 
1482891 1.5 13.0990 0.9 1.8808 1.3 0.1788 0.9 0.74 1060.2 9.0 1074.3 8.3 1103.2 17.0 1103.2 17.0 96.1 
Moecher R9-52 17Dec2017-Spot 93 24 
40053 1.8 13.0783 1.4 1.8086 1.8 0.1716 1.2 0.65 1021.1 11.2 1048.6 12.0 1106.3 27.9 1106.3 27.9 92.3 
Moecher R9-52 17Dec2017-Spot 141 136 
100789 5.6 13.0548 0.8 1.9456 1.4 0.1843 1.2 0.84 1090.4 12.0 1096.9 9.6 1109.9 15.8 1109.9 15.8 98.2 
Moecher R9-52 17Dec2017-Spot 206 537 
198401 7.5 13.0458 0.6 1.9137 1.1 0.1811 0.9 0.85 1073.3 8.9 1085.9 7.1 1111.3 11.2 1111.3 11.2 96.6 
Moecher R9-52 17Dec2017-Spot 88 309 
317693 1.5 13.0404 0.6 1.9398 1.0 0.1835 0.8 0.80 1086.3 8.1 1094.9 6.8 1112.1 12.1 1112.1 12.1 97.7 
Moecher R9-52 17Dec2017-Spot 218 35 
68772 1.0 13.0374 0.7 1.8689 1.2 0.1768 0.9 0.78 1049.4 9.1 1070.1 7.9 1112.6 14.9 1112.6 14.9 94.3 
Moecher R9-52 17Dec2017-Spot 172 87 
36759 2.1 13.0345 0.7 1.8892 1.2 0.1787 0.9 0.77 1059.7 8.8 1077.3 7.8 1113.0 14.9 1113.0 14.9 95.2 
Moecher R9-52 17Dec2017-Spot 192 101 
60136 3.2 13.0164 0.8 1.9276 1.4 0.1821 1.2 0.83 1078.2 11.9 1090.7 9.6 1115.8 16.1 1115.8 16.1 96.6 
Moecher R9-52 17Dec2017-Spot 176 21 
6682 1.7 13.0089 1.4 2.0444 2.0 0.1930 1.4 0.70 1137.5 14.5 1130.4 13.5 1117.0 28.3 1117.0 28.3 101.8 
Moecher R9-52 17Dec2017-Spot 80 30 
29136 3.0 12.9654 1.0 2.0066 1.4 0.1888 0.9 0.69 1114.7 9.7 1117.7 9.2 1123.6 19.6 1123.6 19.6 99.2 
Moecher R9-52 17Dec2017-Spot 204 58 
27457 2.9 12.9620 1.0 1.9866 1.4 0.1868 1.0 0.72 1104.2 10.1 1111.0 9.3 1124.2 19.0 1124.2 19.0 98.2 
Moecher R9-52 17Dec2017-Spot 285 61 
18669 2.5 12.9572 0.7 2.0393 1.2 0.1917 0.9 0.79 1130.7 9.5 1128.7 7.9 1124.9 14.3 1124.9 14.3 100.5 
Moecher R9-52 17Dec2017-Spot 133 130 
98872 1.3 12.9533 0.8 1.9252 1.2 0.1809 0.9 0.78 1072.1 9.2 1089.9 8.0 1125.5 15.1 1125.5 15.1 95.3 
Moecher R9-52 17Dec2017-Spot 113 543 
207217 5.2 12.9495 0.7 2.0592 1.2 0.1935 1.0 0.83 1140.2 10.9 1135.4 8.5 1126.1 13.8 1126.1 13.8 101.3 
Moecher R9-52 17Dec2017-Spot 108 175 
206702 2.6 12.9412 0.8 2.0260 1.2 0.1902 0.9 0.75 1122.7 9.0 1124.3 7.9 1127.4 15.2 1127.4 15.2 99.6 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 160 130 
357524 2.6 12.8842 0.7 2.0282 1.2 0.1896 1.0 0.83 1119.2 10.0 1125.0 8.0 1136.2 13.2 1136.2 13.2 98.5 
Moecher R9-52 17Dec2017-Spot 116 69 
42205 1.8 12.8719 0.8 2.0130 1.5 0.1880 1.3 0.85 1110.5 13.4 1119.9 10.4 1138.1 16.0 1138.1 16.0 97.6 
Moecher R9-52 17Dec2017-Spot 1 221 
1242493 3.0 12.8299 0.7 2.0840 1.1 0.1940 0.8 0.75 1143.0 8.5 1143.6 7.4 1144.6 14.1 1144.6 14.1 99.9 
Moecher R9-52 17Dec2017-Spot 37 89 
80162 2.3 12.8105 0.8 2.0903 1.3 0.1943 1.0 0.75 1144.6 10.0 1145.6 8.8 1147.6 16.8 1147.6 16.8 99.7 
Moecher R9-52 17Dec2017-Spot 119 430 
240127 1.1 12.8004 0.5 2.0759 0.9 0.1928 0.8 0.85 1136.6 8.2 1140.9 6.4 1149.1 9.8 1149.1 9.8 98.9 
Moecher R9-52 17Dec2017-Spot 214 391 
117187 2.9 12.7997 0.9 2.0769 1.4 0.1929 1.1 0.77 1137.0 11.0 1141.2 9.4 1149.2 17.3 1149.2 17.3 98.9 
Moecher R9-52 17Dec2017-Spot 13 339 
98767 2.6 12.7771 0.5 2.0963 0.9 0.1943 0.7 0.83 1144.9 7.5 1147.6 5.9 1152.7 9.5 1152.7 9.5 99.3 
Moecher R9-52 17Dec2017-Spot 277 221 
152503 2.8 12.7743 0.7 2.0434 1.2 0.1894 1.0 0.80 1118.1 10.1 1130.1 8.4 1153.2 14.9 1153.2 14.9 97.0 
Moecher R9-52 17Dec2017-Spot 244 325 
474295 3.0 12.7672 0.6 2.0899 1.2 0.1936 1.0 0.85 1140.9 10.7 1145.5 8.3 1154.3 12.7 1154.3 12.7 98.8 
Moecher R9-52 17Dec2017-Spot 250 81 
98879 3.0 12.7608 0.7 2.1101 1.2 0.1954 1.0 0.83 1150.4 10.9 1152.1 8.5 1155.3 13.7 1155.3 13.7 99.6 
Moecher R9-52 17Dec2017-Spot 74 477 
1195180 3.0 12.7523 0.7 2.0793 1.5 0.1924 1.3 0.88 1134.3 14.0 1142.0 10.6 1156.6 14.8 1156.6 14.8 98.1 
Moecher R9-52 17Dec2017-Spot 284 79 
26849 3.1 12.7227 0.9 2.0847 1.3 0.1924 0.9 0.71 1134.6 9.6 1143.8 8.9 1161.2 18.0 1161.2 18.0 97.7 
Moecher R9-52 17Dec2017-Spot 143 511 
354788 2.4 12.7147 0.4 2.1412 1.1 0.1975 1.0 0.91 1162.1 10.4 1162.2 7.4 1162.4 8.9 1162.4 8.9 100.0 
Moecher R9-52 17Dec2017-Spot 110 190 
116969 1.5 12.7054 0.7 2.1012 1.2 0.1937 0.9 0.80 1141.4 9.7 1149.2 8.0 1163.9 13.9 1163.9 13.9 98.1 
Moecher R9-52 17Dec2017-Spot 38 161 
94119 2.5 12.7052 0.7 2.1070 1.0 0.1942 0.8 0.76 1144.3 7.9 1151.1 6.9 1163.9 13.0 1163.9 13.0 98.3 
Moecher R9-52 17Dec2017-Spot 181 451 
113547 1.5 12.6967 0.6 2.2035 1.1 0.2030 0.9 0.84 1191.4 9.9 1182.2 7.6 1165.2 11.7 1165.2 11.7 102.2 
Moecher R9-52 17Dec2017-Spot 205 74 
37741 3.8 12.6948 0.7 2.0958 1.1 0.1930 0.8 0.75 1137.9 8.7 1147.4 7.6 1165.5 14.5 1165.5 14.5 97.6 
Moecher R9-52 17Dec2017-Spot 157 65 
26143 1.4 12.6844 0.7 2.1353 1.3 0.1965 1.1 0.85 1156.6 11.8 1160.3 9.1 1167.2 13.6 1167.2 13.6 99.1 
Moecher R9-52 17Dec2017-Spot 258 141 
116403 3.1 12.6786 0.8 2.0278 1.4 0.1865 1.2 0.84 1102.6 11.9 1124.9 9.5 1168.1 15.1 1168.1 15.1 94.4 
Moecher R9-52 17Dec2017-Spot 240 161 
260126 2.4 12.6775 0.8 2.0887 1.1 0.1921 0.8 0.71 1132.9 8.3 1145.1 7.7 1168.3 15.6 1168.3 15.6 97.0 
Moecher R9-52 17Dec2017-Spot 296 507 
346501 2.0 12.6718 0.7 2.1517 1.3 0.1978 1.1 0.84 1163.7 11.3 1165.6 8.7 1169.2 13.4 1169.2 13.4 99.5 
Moecher R9-52 17Dec2017-Spot 279 104 
126811 1.5 12.6471 0.7 2.0830 1.2 0.1912 0.9 0.79 1127.6 9.6 1143.2 8.1 1173.0 14.5 1173.0 14.5 96.1 
Moecher R9-52 17Dec2017-Spot 21 21 
218989 0.9 12.6462 1.0 2.0669 1.3 0.1897 0.8 0.64 1119.5 8.7 1137.9 9.1 1173.2 20.3 1173.2 20.3 95.4 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 79 31 
102830 2.0 12.6423 0.6 2.1210 1.3 0.1946 1.2 0.87 1146.0 12.1 1155.7 9.1 1173.8 12.8 1173.8 12.8 97.6 
Moecher R9-52 17Dec2017-Spot 170 47 
12345 1.6 12.6388 0.8 2.0907 1.2 0.1917 0.9 0.77 1130.7 9.3 1145.7 8.1 1174.3 15.0 1174.3 15.0 96.3 
Moecher R9-52 17Dec2017-Spot 19 1095 
535927 3.3 12.6255 0.8 2.1579 1.3 0.1977 1.0 0.77 1162.8 10.4 1167.6 8.7 1176.4 15.8 1176.4 15.8 98.8 
Moecher R9-52 17Dec2017-Spot 154 156 
101278 2.3 12.6051 0.6 2.0918 1.0 0.1913 0.9 0.84 1128.5 9.0 1146.1 7.1 1179.6 11.1 1179.6 11.1 95.7 
Moecher R9-52 17Dec2017-Spot 276 561 
296758 2.2 12.5698 0.7 2.1647 1.2 0.1974 1.1 0.85 1161.5 11.2 1169.8 8.6 1185.2 12.9 1185.2 12.9 98.0 
Moecher R9-52 17Dec2017-Spot 216 302 
142664 1.6 12.5431 0.7 2.1149 1.1 0.1925 0.9 0.80 1134.8 9.1 1153.7 7.5 1189.3 12.9 1189.3 12.9 95.4 
Moecher R9-52 17Dec2017-Spot 49 154 
119303 1.6 12.5374 0.7 2.2018 1.2 0.2003 1.0 0.79 1176.9 10.5 1181.6 8.6 1190.2 14.8 1190.2 14.8 98.9 
Moecher R9-52 17Dec2017-Spot 29 117 
23290 1.3 12.5281 0.7 2.3243 1.2 0.2113 1.0 0.84 1235.6 11.2 1219.7 8.4 1191.7 12.8 1191.7 12.8 103.7 
Moecher R9-52 17Dec2017-Spot 56 231 
818007 1.8 12.4867 0.7 2.1392 1.1 0.1938 0.9 0.80 1142.0 9.2 1161.6 7.6 1198.2 13.0 1198.2 13.0 95.3 
Moecher R9-52 17Dec2017-Spot 257 175 
131787 3.8 12.4435 0.7 2.2732 1.2 0.2052 0.9 0.80 1203.4 10.2 1204.0 8.2 1205.1 13.8 1205.1 13.8 99.9 
Moecher R9-52 17Dec2017-Spot 260 133 
92434 1.8 12.4139 0.6 2.2823 1.0 0.2056 0.8 0.83 1205.2 8.9 1206.8 6.9 1209.7 10.9 1209.7 10.9 99.6 
Moecher R9-52 17Dec2017-Spot 243 227 
122361 1.5 12.3454 0.6 2.2895 1.1 0.2051 1.0 0.86 1202.6 10.6 1209.1 7.9 1220.6 11.3 1220.6 11.3 98.5 
Moecher R9-52 17Dec2017-Spot 92 56 
43228 2.6 12.3036 0.9 2.2447 1.3 0.2004 1.0 0.74 1177.4 10.6 1195.1 9.4 1227.3 17.9 1227.3 17.9 95.9 
Moecher R9-52 17Dec2017-Spot 7 202 
444563 2.6 12.2991 0.7 2.2891 1.2 0.2043 1.0 0.80 1198.3 10.5 1208.9 8.4 1228.0 13.8 1228.0 13.8 97.6 
Moecher R9-52 17Dec2017-Spot 262 102 
39209 1.9 12.2734 0.9 1.9006 1.5 0.1693 1.3 0.83 1008.0 11.8 1081.3 10.2 1232.1 16.9 1232.1 16.9 81.8 
Moecher R9-52 17Dec2017-Spot 187 826 
38727 1.6 12.2701 0.6 1.9251 1.2 0.1714 1.1 0.86 1019.8 10.1 1089.8 8.3 1232.7 12.7 1232.7 12.7 82.7 
Moecher R9-52 17Dec2017-Spot 2 597 
2949991 2.4 12.2100 0.6 2.3815 1.3 0.2110 1.1 0.88 1234.1 12.6 1237.1 9.1 1242.3 11.8 1242.3 11.8 99.3 
Moecher R9-52 17Dec2017-Spot 14 492 
251231 1.7 12.1520 0.6 2.4013 1.0 0.2117 0.8 0.81 1238.0 8.9 1243.0 7.0 1251.6 11.4 1251.6 11.4 98.9 
Moecher R9-52 17Dec2017-Spot 265 40 
13157 12.1 12.1518 0.9 2.4276 1.3 0.2140 0.9 0.73 1250.3 10.4 1250.8 9.1 1251.6 16.9 1251.6 16.9 99.9 
Moecher R9-52 17Dec2017-Spot 246 100 
96170 1.9 12.1177 0.7 2.4571 1.4 0.2160 1.1 0.84 1260.9 13.0 1259.5 9.8 1257.1 14.6 1257.1 14.6 100.3 
Moecher R9-52 17Dec2017-Spot 120 370 
224755 2.5 12.0948 0.6 2.3535 1.1 0.2065 0.9 0.84 1210.4 10.4 1228.6 8.0 1260.8 12.0 1260.8 12.0 96.0 
Moecher R9-52 17Dec2017-Spot 122 375 
186874 1.5 12.0741 0.6 2.5136 1.2 0.2202 1.1 0.88 1283.0 12.4 1276.0 8.8 1264.2 11.2 1264.2 11.2 101.5 
Moecher R9-52 17Dec2017-Spot 78 32 
10864 1.1 12.0204 1.2 2.4059 1.6 0.2098 1.0 0.65 1227.9 11.4 1244.3 11.3 1272.9 23.6 1272.9 23.6 96.5 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 294 97 
124121 1.4 11.9824 0.7 2.4193 1.1 0.2103 0.8 0.75 1230.6 9.0 1248.3 7.7 1279.0 13.9 1279.0 13.9 96.2 
Moecher R9-52 17Dec2017-Spot 155 131 
97080 2.0 11.7475 0.7 2.5819 1.3 0.2201 1.1 0.84 1282.3 13.0 1295.5 9.7 1317.5 13.9 1317.5 13.9 97.3 
Moecher R9-52 17Dec2017-Spot 263 87 
30343 2.4 11.7353 0.8 2.6749 1.2 0.2278 0.9 0.77 1322.8 11.1 1321.5 9.0 1319.5 15.1 1319.5 15.1 100.2 
Moecher R9-52 17Dec2017-Spot 135 152 
142959 1.9 11.6318 0.7 2.6541 1.0 0.2240 0.8 0.74 1303.0 8.9 1315.8 7.5 1336.7 13.3 1336.7 13.3 97.5 
Moecher R9-52 17Dec2017-Spot 31 454 
313291 3.5 11.6179 0.5 2.7162 1.2 0.2290 1.1 0.91 1329.1 13.6 1332.9 9.2 1339.0 9.8 1339.0 9.8 99.3 
Moecher R9-52 17Dec2017-Spot 189 114 
106385 3.0 11.5972 0.8 2.6966 1.7 0.2269 1.5 0.90 1318.3 18.1 1327.5 12.6 1342.4 14.6 1342.4 14.6 98.2 
Moecher R9-52 17Dec2017-Spot 130 99 
71341 3.1 11.4215 0.8 2.8552 1.2 0.2366 0.9 0.74 1369.1 11.0 1370.2 9.1 1371.9 15.8 1371.9 15.8 99.8 
Moecher R9-52 17Dec2017-Spot 156 135 
73584 1.8 11.3930 0.8 2.9593 1.4 0.2446 1.2 0.84 1410.7 15.1 1397.2 10.7 1376.7 14.5 1376.7 14.5 102.5 
Moecher R9-52 17Dec2017-Spot 149 129 
116703 2.6 11.3850 0.7 2.8841 1.2 0.2382 1.0 0.82 1377.6 12.5 1377.8 9.2 1378.0 13.4 1378.0 13.4 100.0 
Moecher R9-52 17Dec2017-Spot 278 328 
544416 2.4 11.3235 0.7 2.9363 1.1 0.2413 0.9 0.81 1393.2 11.3 1391.3 8.5 1388.4 12.6 1388.4 12.6 100.3 
Moecher R9-52 17Dec2017-Spot 247 92 
761492 2.6 11.2685 0.9 2.9097 1.4 0.2379 1.1 0.75 1375.8 13.1 1384.4 10.6 1397.8 17.7 1397.8 17.7 98.4 
Moecher R9-52 17Dec2017-Spot 17 658 
454982 2.5 11.2239 0.6 2.9246 1.2 0.2382 1.1 0.89 1377.2 13.8 1388.3 9.4 1405.4 10.8 1405.4 10.8 98.0 
Moecher R9-52 17Dec2017-Spot 267 36 
72541 2.4 11.2185 0.8 2.8956 1.4 0.2357 1.1 0.81 1364.3 13.6 1380.8 10.2 1406.3 15.0 1406.3 15.0 97.0 
Moecher R9-52 17Dec2017-Spot 186 260 
127103 3.6 11.2026 0.6 2.8932 1.3 0.2352 1.1 0.87 1361.5 13.8 1380.1 9.7 1409.0 12.1 1409.0 12.1 96.6 
Moecher R9-52 17Dec2017-Spot 111 79 
90503 1.4 11.1663 0.8 2.9504 1.3 0.2390 1.1 0.83 1381.7 13.7 1395.0 10.1 1415.2 14.4 1415.2 14.4 97.6 
Moecher R9-52 17Dec2017-Spot 118 110 
155821 1.3 11.1567 0.8 2.9334 1.1 0.2375 0.8 0.68 1373.5 9.4 1390.6 8.4 1416.9 15.5 1416.9 15.5 96.9 
Moecher R9-52 17Dec2017-Spot 159 295 
460901 2.1 11.1002 0.6 2.9503 1.2 0.2376 1.0 0.85 1374.3 12.3 1394.9 8.9 1426.6 11.7 1426.6 11.7 96.3 
Moecher R9-52 17Dec2017-Spot 190 422 
108299 3.4 11.0879 0.7 2.9926 1.2 0.2408 1.0 0.82 1390.6 11.9 1405.7 8.9 1428.7 12.8 1428.7 12.8 97.3 
Moecher R9-52 17Dec2017-Spot 232 78 
80560 1.2 11.0715 0.9 2.9701 1.3 0.2386 0.9 0.73 1379.4 11.7 1400.0 9.8 1431.5 16.8 1431.5 16.8 96.4 
Moecher R9-52 17Dec2017-Spot 98 83 
97672 1.1 10.9559 1.0 3.0809 1.5 0.2449 1.2 0.77 1412.2 14.7 1428.0 11.5 1451.5 18.2 1451.5 18.2 97.3 
Moecher R9-52 17Dec2017-Spot 264 61 
308928 1.0 10.9467 0.9 2.9367 1.3 0.2333 1.0 0.73 1351.6 11.6 1391.4 9.9 1453.1 17.0 1453.1 17.0 93.0 
Moecher R9-52 17Dec2017-Spot 35 259 
227008 1.8 10.9390 0.7 3.1602 1.3 0.2508 1.1 0.85 1442.8 14.2 1447.5 10.0 1454.4 13.1 1454.4 13.1 99.2 
Moecher R9-52 17Dec2017-Spot 48 210 
263600 2.2 10.9380 0.6 3.2645 1.2 0.2591 1.0 0.84 1485.2 12.8 1472.6 9.0 1454.6 12.0 1454.6 12.0 102.1 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 253 239 
112272 2.5 10.9243 0.6 3.1079 1.1 0.2464 0.9 0.83 1419.6 11.7 1434.7 8.5 1457.0 11.8 1457.0 11.8 97.4 
Moecher R9-52 17Dec2017-Spot 60 367 
120647 2.6 10.8564 0.5 3.1818 1.3 0.2506 1.2 0.92 1441.8 15.6 1452.7 10.2 1468.8 9.7 1468.8 9.7 98.2 
Moecher R9-52 17Dec2017-Spot 305 137 
101602 2.6 10.8532 0.8 3.2894 1.4 0.2590 1.1 0.79 1484.9 14.3 1478.6 10.6 1469.4 15.8 1469.4 15.8 101.1 
Moecher R9-52 17Dec2017-Spot 291 427 
123387 2.1 10.8483 0.5 3.3525 1.1 0.2639 1.0 0.88 1509.7 13.5 1493.4 8.9 1470.3 10.4 1470.3 10.4 102.7 
Moecher R9-52 17Dec2017-Spot 66 229 
234992 6.1 10.8094 0.6 3.3567 1.1 0.2633 0.9 0.84 1506.6 12.3 1494.4 8.5 1477.1 11.3 1477.1 11.3 102.0 
Moecher R9-52 17Dec2017-Spot 81 175 
94948 2.2 10.8047 0.6 3.3293 1.1 0.2610 0.9 0.82 1495.0 11.5 1487.9 8.3 1477.9 11.6 1477.9 11.6 101.2 
Moecher R9-52 17Dec2017-Spot 84 73 
68478 2.2 10.7684 0.7 3.1727 1.3 0.2479 1.1 0.85 1427.6 14.3 1450.5 10.2 1484.3 13.3 1484.3 13.3 96.2 
Moecher R9-52 17Dec2017-Spot 25 246 
144361 2.3 10.7306 0.4 3.2275 1.0 0.2513 0.9 0.90 1445.1 11.7 1463.8 7.8 1490.9 8.3 1490.9 8.3 96.9 
Moecher R9-52 17Dec2017-Spot 238 133 
135576 2.4 10.7216 0.6 3.3441 1.1 0.2601 1.0 0.86 1490.6 12.9 1491.4 8.8 1492.5 10.9 1492.5 10.9 99.9 
Moecher R9-52 17Dec2017-Spot 15 355 
92302 1.5 10.7169 0.6 3.2499 1.1 0.2527 0.9 0.84 1452.4 11.6 1469.2 8.2 1493.4 10.9 1493.4 10.9 97.3 
Moecher R9-52 17Dec2017-Spot 309 82 
379446 1.9 10.6950 0.7 3.1397 1.2 0.2436 1.0 0.80 1405.6 12.2 1442.5 9.3 1497.2 13.8 1497.2 13.8 93.9 
Moecher R9-52 17Dec2017-Spot 39 155 
91757 1.5 10.6671 0.7 3.3113 1.4 0.2563 1.2 0.86 1470.9 15.5 1483.7 10.7 1502.2 13.4 1502.2 13.4 97.9 
Moecher R9-52 17Dec2017-Spot 69 88 
31725 2.3 10.6648 0.7 3.2943 1.1 0.2549 0.9 0.80 1463.8 11.9 1479.7 8.9 1502.6 13.0 1502.6 13.0 97.4 
Moecher R9-52 17Dec2017-Spot 61 390 
122467 1.8 10.6357 0.6 3.3027 1.1 0.2549 1.0 0.84 1463.6 12.6 1481.7 8.9 1507.7 11.5 1507.7 11.5 97.1 
Moecher R9-52 17Dec2017-Spot 256 470 
487806 4.9 10.5467 0.5 3.4789 1.3 0.2662 1.2 0.93 1521.6 16.0 1522.4 10.0 1523.6 9.1 1523.6 9.1 99.9 
Moecher R9-52 17Dec2017-Spot 180 576 
667311 2.2 10.5029 0.5 3.3774 1.0 0.2574 0.8 0.85 1476.4 10.8 1499.2 7.6 1531.4 9.7 1531.4 9.7 96.4 
Moecher R9-52 17Dec2017-Spot 210 82 
39075 1.7 10.4611 1.0 3.3523 1.5 0.2545 1.1 0.74 1461.4 14.8 1493.3 11.9 1538.9 19.3 1538.9 19.3 95.0 
Moecher R9-52 17Dec2017-Spot 248 524 
231023 2.3 10.4463 0.6 3.5237 1.3 0.2671 1.1 0.88 1526.0 15.0 1532.6 9.9 1541.6 11.2 1541.6 11.2 99.0 
Moecher R9-52 17Dec2017-Spot 83 40 
386857 0.8 10.4216 0.9 3.4729 1.3 0.2626 0.9 0.71 1503.2 12.6 1521.1 10.4 1546.0 17.5 1546.0 17.5 97.2 
Moecher R9-52 17Dec2017-Spot 126 403 
348685 1.7 10.1422 0.7 3.6800 1.1 0.2708 0.9 0.78 1544.9 11.8 1567.0 8.8 1596.9 12.8 1596.9 12.8 96.7 
Moecher R9-52 17Dec2017-Spot 251 368 
197727 2.0 10.1209 0.7 3.8001 1.2 0.2791 1.0 0.82 1586.6 14.1 1592.8 9.9 1600.9 13.3 1600.9 13.3 99.1 
Moecher R9-52 17Dec2017-Spot 127 94 
94084 1.6 10.0698 0.7 3.8497 1.3 0.2813 1.2 0.86 1597.8 16.3 1603.2 10.7 1610.3 12.6 1610.3 12.6 99.2 
Moecher R9-52 17Dec2017-Spot 128 197 
183995 4.5 10.0373 0.6 3.7854 0.9 0.2757 0.7 0.78 1569.6 9.9 1589.7 7.3 1616.3 10.6 1616.3 10.6 97.1 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 293 281 
113425 2.6 10.0370 0.6 3.7185 1.0 0.2708 0.8 0.81 1544.9 10.8 1575.4 7.8 1616.4 10.5 1616.4 10.5 95.6 
Moecher R9-52 17Dec2017-Spot 308 200 
263807 1.9 10.0250 0.6 3.9856 1.1 0.2899 0.9 0.85 1641.1 13.8 1631.3 9.1 1618.6 11.1 1618.6 11.1 101.4 
Moecher R9-52 17Dec2017-Spot 62 206 
127965 2.2 10.0107 0.6 3.6987 1.0 0.2687 0.8 0.81 1534.0 10.7 1571.1 7.7 1621.3 10.4 1621.3 10.4 94.6 
Moecher R9-52 17Dec2017-Spot 197 335 
119648 3.6 9.9917 0.6 3.8945 0.9 0.2823 0.7 0.77 1603.2 10.0 1612.5 7.4 1624.8 10.9 1624.8 10.9 98.7 
Moecher R9-52 17Dec2017-Spot 147 469 
626180 1.1 9.9792 0.6 3.8451 1.2 0.2784 1.1 0.86 1583.4 15.1 1602.3 10.0 1627.1 11.7 1627.1 11.7 97.3 
Moecher R9-52 17Dec2017-Spot 200 361 
305699 2.8 9.9671 0.5 3.9615 1.0 0.2865 0.9 0.89 1624.0 12.9 1626.3 8.2 1629.4 8.6 1629.4 8.6 99.7 
Moecher R9-52 17Dec2017-Spot 310 129 
228827 1.2 9.9641 0.7 3.8775 1.2 0.2803 1.0 0.80 1593.1 14.0 1609.0 10.0 1629.9 13.8 1629.9 13.8 97.7 
Moecher R9-52 17Dec2017-Spot 303 646 
816693 2.6 9.9553 0.6 3.9245 1.2 0.2835 1.0 0.87 1608.9 14.5 1618.7 9.5 1631.6 11.0 1631.6 11.0 98.6 
Moecher R9-52 17Dec2017-Spot 137 288 
470333 1.2 9.9525 0.6 3.8975 1.2 0.2815 1.0 0.85 1598.7 13.9 1613.2 9.3 1632.1 11.2 1632.1 11.2 98.0 
Moecher R9-52 17Dec2017-Spot 26 431 
97904 1.3 9.9464 0.7 3.6572 1.3 0.2639 1.2 0.87 1510.0 15.7 1562.1 10.7 1633.3 12.5 1633.3 12.5 92.5 
Moecher R9-52 17Dec2017-Spot 70 85 
29317 2.1 9.9433 0.8 3.9983 1.3 0.2885 1.0 0.76 1633.8 13.9 1633.8 10.3 1633.8 15.2 1633.8 15.2 100.0 
Moecher R9-52 17Dec2017-Spot 64 230 
175080 0.9 9.9381 0.7 4.0443 1.1 0.2916 0.8 0.76 1649.7 11.7 1643.1 8.6 1634.8 12.8 1634.8 12.8 100.9 
Moecher R9-52 17Dec2017-Spot 201 143 
96326 0.9 9.9270 0.8 3.9118 1.4 0.2818 1.2 0.84 1600.2 16.6 1616.1 11.3 1636.9 14.1 1636.9 14.1 97.8 
Moecher R9-52 17Dec2017-Spot 221 141 
20425892 3.9 9.9256 0.7 3.9625 1.2 0.2854 1.0 0.82 1618.4 13.9 1626.6 9.6 1637.1 12.5 1637.1 12.5 98.9 
Moecher R9-52 17Dec2017-Spot 18 441 
953493 1.9 9.9212 0.6 3.7450 1.0 0.2696 0.8 0.78 1538.7 10.5 1581.0 7.9 1638.0 11.4 1638.0 11.4 93.9 
Moecher R9-52 17Dec2017-Spot 196 100 
52208 1.1 9.9073 0.7 3.9720 1.2 0.2855 1.1 0.85 1619.2 15.2 1628.5 10.1 1640.6 12.1 1640.6 12.1 98.7 
Moecher R9-52 17Dec2017-Spot 129 133 
444409 1.2 9.9012 0.6 3.9861 1.0 0.2864 0.7 0.76 1623.4 10.5 1631.4 7.9 1641.7 11.8 1641.7 11.8 98.9 
Moecher R9-52 17Dec2017-Spot 274 107 
99848 1.2 9.8808 0.7 4.0723 1.2 0.2920 0.9 0.79 1651.3 13.3 1648.8 9.4 1645.5 13.1 1645.5 13.1 100.4 
Moecher R9-52 17Dec2017-Spot 36 363 
1927628 2.0 9.8799 0.6 3.8317 1.2 0.2747 1.1 0.87 1564.5 14.9 1599.4 10.0 1645.7 11.4 1645.7 11.4 95.1 
Moecher R9-52 17Dec2017-Spot 50 133 
276036 1.0 9.8660 0.7 4.0795 1.3 0.2920 1.1 0.84 1651.7 16.3 1650.2 10.9 1648.3 13.5 1648.3 13.5 100.2 
Moecher R9-52 17Dec2017-Spot 178 171 
105546 1.5 9.8635 0.6 3.9860 1.0 0.2853 0.9 0.83 1617.8 12.4 1631.3 8.5 1648.8 10.8 1648.8 10.8 98.1 
Moecher R9-52 17Dec2017-Spot 287 93 
172118 2.2 9.8297 0.9 3.9297 1.5 0.2803 1.2 0.81 1592.8 17.2 1619.8 12.3 1655.1 16.7 1655.1 16.7 96.2 
Moecher R9-52 17Dec2017-Spot 10 151 
267082 1.6 9.8236 0.6 3.9364 1.1 0.2806 0.9 0.82 1594.3 12.6 1621.2 8.8 1656.3 11.6 1656.3 11.6 96.3 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 259 425 
360694 1.1 9.8213 0.7 4.0886 1.3 0.2914 1.1 0.83 1648.3 16.0 1652.0 10.8 1656.7 13.5 1656.7 13.5 99.5 
Moecher R9-52 17Dec2017-Spot 173 397 
193362 1.2 9.8169 0.6 3.9925 1.1 0.2844 0.9 0.85 1613.4 12.9 1632.7 8.6 1657.6 10.4 1657.6 10.4 97.3 
Moecher R9-52 17Dec2017-Spot 237 88 
194230 1.3 9.7648 0.7 4.0241 1.0 0.2851 0.8 0.78 1617.1 11.5 1639.1 8.4 1667.4 12.1 1667.4 12.1 97.0 
Moecher R9-52 17Dec2017-Spot 271 255 
1137489 1.9 9.7505 0.6 4.2018 1.1 0.2973 0.9 0.82 1677.7 13.1 1674.4 8.9 1670.1 11.4 1670.1 11.4 100.5 
Moecher R9-52 17Dec2017-Spot 27 1244 
546034 3.7 9.7503 0.6 3.9915 1.2 0.2824 1.0 0.88 1603.4 14.3 1632.5 9.3 1670.2 10.3 1670.2 10.3 96.0 
Moecher R9-52 17Dec2017-Spot 151 568 
631844 2.0 9.6185 0.6 3.7457 1.7 0.2614 1.5 0.92 1497.1 20.5 1581.2 13.3 1695.3 11.8 1695.3 11.8 88.3 
Moecher R9-52 17Dec2017-Spot 94 252 
1119003 1.0 9.5883 0.7 4.2468 1.4 0.2955 1.2 0.85 1668.7 17.7 1683.1 11.6 1701.1 13.6 1701.1 13.6 98.1 
Moecher R9-52 17Dec2017-Spot 313 203 
94563 2.8 9.5767 0.6 4.1797 1.2 0.2904 1.0 0.85 1643.7 14.2 1670.1 9.5 1703.3 11.2 1703.3 11.2 96.5 
Moecher R9-52 17Dec2017-Spot 236 758 
950026 2.2 9.5734 0.6 3.9089 1.2 0.2715 1.1 0.88 1548.5 14.5 1615.5 9.7 1703.9 10.7 1703.9 10.7 90.9 
Moecher R9-52 17Dec2017-Spot 52 149 
88171 2.4 9.5668 0.8 4.2583 1.2 0.2956 1.0 0.78 1669.4 14.2 1685.3 10.2 1705.2 14.4 1705.2 14.4 97.9 
Moecher R9-52 17Dec2017-Spot 136 527 
103452 3.8 9.5631 0.6 4.0524 1.1 0.2812 0.9 0.84 1597.4 12.9 1644.8 8.9 1705.9 10.9 1705.9 10.9 93.6 
Moecher R9-52 17Dec2017-Spot 152 629 
357512 3.6 9.5138 0.5 4.4600 1.1 0.3079 0.9 0.87 1730.3 14.4 1723.6 9.1 1715.4 10.0 1715.4 10.0 100.9 
Moecher R9-52 17Dec2017-Spot 194 319 
195189 5.5 9.4868 0.6 4.4453 1.0 0.3060 0.8 0.81 1721.0 12.5 1720.8 8.5 1720.7 11.0 1720.7 11.0 100.0 
Moecher R9-52 17Dec2017-Spot 32 102 
5092155 2.3 9.4658 0.7 4.2999 1.1 0.2953 0.8 0.75 1668.1 11.8 1693.3 8.8 1724.7 13.0 1724.7 13.0 96.7 
Moecher R9-52 17Dec2017-Spot 41 561 
354073 2.0 9.4643 0.5 4.4019 1.2 0.3023 1.1 0.91 1702.6 17.0 1712.7 10.3 1725.0 9.4 1725.0 9.4 98.7 
Moecher R9-52 17Dec2017-Spot 213 201 
89250 1.3 9.4091 0.5 4.4471 1.3 0.3036 1.1 0.91 1709.2 17.2 1721.2 10.4 1735.8 9.4 1735.8 9.4 98.5 
Moecher R9-52 17Dec2017-Spot 273 124 
421560 5.3 9.3916 0.7 4.5260 1.1 0.3084 0.9 0.81 1732.9 14.2 1735.8 9.5 1739.2 12.2 1739.2 12.2 99.6 
Moecher R9-52 17Dec2017-Spot 140 700 
828250 4.0 9.3896 0.6 4.4844 1.1 0.3055 0.9 0.83 1718.6 13.8 1728.1 9.1 1739.6 11.1 1739.6 11.1 98.8 
Moecher R9-52 17Dec2017-Spot 161 617 
410431 3.7 9.3398 0.6 4.5033 1.4 0.3052 1.2 0.89 1717.0 18.2 1731.6 11.3 1749.3 11.5 1749.3 11.5 98.2 
Moecher R9-52 17Dec2017-Spot 184 209 
108261 2.4 9.3354 0.7 4.2396 1.4 0.2872 1.3 0.88 1627.4 18.4 1681.7 11.9 1750.1 12.5 1750.1 12.5 93.0 
Moecher R9-52 17Dec2017-Spot 109 185 
97141 2.9 9.3216 0.7 4.7140 1.2 0.3188 1.0 0.84 1784.0 15.9 1769.7 10.2 1752.9 12.1 1752.9 12.1 101.8 
Moecher R9-52 17Dec2017-Spot 162 151 
92165 3.5 9.3129 0.6 4.5223 1.7 0.3056 1.6 0.93 1718.9 23.7 1735.1 14.0 1754.6 11.4 1754.6 11.4 98.0 
Moecher R9-52 17Dec2017-Spot 314 794 
426764 1.9 9.2917 0.7 4.6084 1.1 0.3107 0.9 0.81 1744.1 14.1 1750.8 9.5 1758.7 12.3 1758.7 12.3 99.2 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 203 161 
100384 1.0 9.2766 0.7 4.4268 1.3 0.2980 1.1 0.83 1681.2 16.5 1717.4 11.1 1761.7 13.7 1761.7 13.7 95.4 
Moecher R9-52 17Dec2017-Spot 307 577 
1407100 3.1 9.2562 0.4 4.6622 1.0 0.3131 0.9 0.92 1756.0 14.2 1760.5 8.4 1765.7 7.3 1765.7 7.3 99.5 
Moecher R9-52 17Dec2017-Spot 199 149 
216824 2.0 9.2327 0.7 4.8274 1.3 0.3234 1.0 0.82 1806.3 16.3 1789.7 10.7 1770.4 13.4 1770.4 13.4 102.0 
Moecher R9-52 17Dec2017-Spot 299 426 
559394 1.5 9.2222 0.7 4.6727 1.1 0.3127 0.8 0.78 1753.8 13.0 1762.4 9.1 1772.5 12.5 1772.5 12.5 98.9 
Moecher R9-52 17Dec2017-Spot 288 368 
175375 2.6 9.2031 0.7 4.6348 1.1 0.3095 0.9 0.79 1738.2 13.0 1755.6 9.0 1776.3 11.9 1776.3 11.9 97.9 
Moecher R9-52 17Dec2017-Spot 171 189 
142304 4.7 9.1449 0.7 4.7063 1.0 0.3123 0.7 0.68 1751.9 10.1 1768.4 8.1 1787.8 13.0 1787.8 13.0 98.0 
Moecher R9-52 17Dec2017-Spot 224 128 
114022 3.1 9.1448 0.8 4.7771 1.3 0.3170 1.0 0.81 1774.9 16.3 1780.9 10.9 1787.8 13.9 1787.8 13.9 99.3 
Moecher R9-52 17Dec2017-Spot 290 298 
6373184 2.1 9.0950 0.6 4.7497 1.1 0.3134 0.9 0.80 1757.6 13.2 1776.1 9.0 1797.8 11.7 1797.8 11.7 97.8 
Moecher R9-52 17Dec2017-Spot 249 907 
291772 3.1 9.0847 0.6 4.8430 1.2 0.3192 1.0 0.86 1786.0 16.4 1792.4 10.3 1799.8 11.3 1799.8 11.3 99.2 
Moecher R9-52 17Dec2017-Spot 174 260 
107311 2.9 9.0513 0.7 4.7322 1.1 0.3108 0.9 0.81 1744.6 13.8 1773.0 9.3 1806.5 11.9 1806.5 11.9 96.6 
Moecher R9-52 17Dec2017-Spot 134 448 
154498 1.9 8.8034 0.5 4.7010 1.1 0.3003 1.0 0.89 1692.7 14.3 1767.4 9.0 1856.9 8.9 1856.9 8.9 91.2 
Moecher R9-52 17Dec2017-Spot 117 148 
112767 1.3 8.7669 0.7 5.1028 1.1 0.3246 0.9 0.80 1812.1 14.6 1836.6 9.8 1864.4 12.3 1864.4 12.3 97.2 
Moecher R9-52 17Dec2017-Spot 220 157 
155508 1.1 8.6806 0.6 5.5298 0.9 0.3483 0.7 0.79 1926.5 12.4 1905.2 8.2 1882.2 10.6 1882.2 10.6 102.4 
Moecher R9-52 17Dec2017-Spot 33 713 
2440787 1.8 8.6724 0.7 5.1267 1.1 0.3226 0.9 0.81 1802.4 14.1 1840.5 9.4 1883.9 11.8 1883.9 11.8 95.7 
Moecher R9-52 17Dec2017-Spot 177 231 
681880 4.1 8.6688 0.5 5.4553 1.2 0.3431 1.1 0.90 1901.7 17.9 1893.6 10.3 1884.7 9.3 1884.7 9.3 100.9 
Moecher R9-52 17Dec2017-Spot 315 217 
110127 1.2 8.6272 0.6 5.2163 1.2 0.3265 1.0 0.87 1821.5 16.5 1855.3 10.1 1893.3 10.4 1893.3 10.4 96.2 
Moecher R9-52 17Dec2017-Spot 44 159 
302951 0.8 8.6180 0.6 5.3951 1.1 0.3374 0.9 0.83 1874.0 14.6 1884.1 9.3 1895.2 10.8 1895.2 10.8 98.9 
Moecher R9-52 17Dec2017-Spot 231 204 
88784 2.3 8.5889 0.6 5.3905 1.2 0.3359 1.1 0.85 1867.1 17.1 1883.3 10.6 1901.3 11.6 1901.3 11.6 98.2 
Moecher R9-52 17Dec2017-Spot 254 384 
1933035 0.8 8.5545 0.5 5.4849 1.1 0.3404 1.0 0.90 1888.8 16.8 1898.2 9.8 1908.5 9.1 1908.5 9.1 99.0 
Moecher R9-52 17Dec2017-Spot 235 90 
51098 0.6 8.3325 0.5 5.5805 1.2 0.3374 1.0 0.88 1874.1 16.5 1913.1 9.9 1955.6 9.7 1955.6 9.7 95.8 
Moecher R9-52 17Dec2017-Spot 150 200 
1311536 2.1 6.8509 0.7 8.4599 1.2 0.4205 1.0 0.83 2262.9 19.3 2281.6 11.1 2298.4 11.8 2298.4 11.8 98.5 
Moecher R9-52 17Dec2017-Spot 219 64 
242353 1.5 6.0238 0.8 10.5726 1.1 0.4621 0.7 0.69 2448.9 15.1 2486.3 10.0 2517.0 13.1 2517.0 13.1 97.3 
Moecher R9-52 17Dec2017-Spot 132 280 
1528213 2.2 5.9195 0.5 10.4353 1.1 0.4482 1.0 0.87 2387.3 19.6 2474.2 10.4 2546.4 9.2 2546.4 9.2 93.8 
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Appendix A: R9-52 U-Pb geochronologic analysis 
        
Isotope 
ratios        
Apparent ages (Ma) 
     
Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age 
± Conc 
  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 
238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
Moecher R9-52 17Dec2017-Spot 46 79 
72854 1.5 5.9066 0.9 10.6953 1.3 0.4584 0.9 0.71 2432.4 18.8 2497.0 12.2 2550.0 15.6 2550.0 15.6 95.4 
Moecher R9-52 17Dec2017-Spot 131 197 
155833 1.4 5.6893 0.6 10.8646 1.0 0.4485 0.8 0.79 2388.6 15.0 2511.6 8.9 2612.6 9.8 2612.6 9.8 91.4 
Moecher R9-52 17Dec2017-Spot 268 30 
90638 2.0 5.6525 0.6 11.5170 1.1 0.4724 0.9 0.85 2493.9 19.1 2566.0 10.2 2623.4 9.6 2623.4 9.6 95.1 
Moecher R9-52 17Dec2017-Spot 90 118 
105547 0.7 5.4082 0.5 13.0159 1.0 0.5108 0.9 0.84 2659.9 18.6 2680.8 9.5 2696.6 9.0 2696.6 9.0 98.6 
Moecher R9-52 17Dec2017-Spot 43 230 
215914 0.9 5.3956 0.6 13.0990 1.2 0.5128 1.1 0.88 2668.7 23.7 2686.8 11.6 2700.5 9.7 2700.5 9.7 98.8 
Moecher R9-52 17Dec2017-Spot 55 568 
93438 1.6 5.3890 0.6 11.0601 2.0 0.4325 1.9 0.95 2316.8 37.8 2528.2 19.0 2702.5 10.1 2702.5 10.1 85.7 
Moecher R9-52 17Dec2017-Spot 270 351 
3454121 0.9 5.3890 0.6 12.9806 1.4 0.5076 1.2 0.91 2646.2 26.7 2678.2 12.8 2702.5 9.5 2702.5 9.5 97.9 
Moecher R9-52 17Dec2017-Spot 103 122 
97245 1.1 5.3875 0.6 12.8958 1.1 0.5041 0.8 0.80 2631.4 18.4 2672.1 9.9 2703.0 10.3 2703.0 10.3 97.4 
Moecher R9-52 17Dec2017-Spot 153 86 
1541801 1.4 5.3560 0.7 13.1446 1.3 0.5108 1.1 0.86 2660.2 24.1 2690.1 12.1 2712.6 10.8 2712.6 10.8 98.1 
Moecher R9-52 17Dec2017-Spot 269 52 
73426 1.1 5.3293 0.6 13.3143 1.0 0.5148 0.8 0.83 2677.3 18.3 2702.2 9.5 2720.9 9.2 2720.9 9.2 98.4 
Moecher R9-52 17Dec2017-Spot 275 199 
1129630 1.2 5.3225 0.8 13.5613 1.4 0.5237 1.1 0.80 2715.0 24.2 2719.6 12.9 2723.0 13.6 2723.0 13.6 99.7 
Moecher R9-52 17Dec2017-Spot 22 54 
187116 0.9 5.2322 0.7 13.3152 1.2 0.5055 1.0 0.81 2637.4 21.0 2702.3 11.3 2751.1 11.5 2751.1 11.5 95.9 
Moecher R9-52 17Dec2017-Spot 125 92 
267010 1.0 5.2092 0.6 13.9236 1.1 0.5263 0.9 0.80 2725.7 19.1 2744.5 10.1 2758.4 10.5 2758.4 10.5 98.8 
Moecher R9-52 17Dec2017-Spot 225 168 
312181 1.5 5.1595 0.7 14.5949 1.3 0.5464 1.1 0.86 2810.1 25.3 2789.2 12.3 2774.1 11.0 2774.1 11.0 101.3 
Moecher R9-52 17Dec2017-Spot 286 17 
25492 52.4 5.0976 0.9 13.6568 1.3 0.5051 1.0 0.75 2635.8 21.1 2726.2 12.2 2793.9 13.9 2793.9 13.9 94.3 
Moecher R9-52 17Dec2017-Spot 4 493 
412776 1.7 5.0629 0.5 14.3576 1.2 0.5274 1.1 0.91 2730.7 25.2 2773.6 11.8 2805.0 8.6 2805.0 8.6 97.3 
Moecher R9-52 17Dec2017-Spot 8 341 
165178 8.7 4.9192 0.9 14.4844 1.3 0.5170 1.0 0.74 2686.4 21.6 2782.0 12.7 2852.0 14.7 2852.0 14.7 94.2 
Moecher R9-52 17Dec2017-Spot 241 389 
237368 2.0 4.5218 0.7 14.8787 1.3 0.4882 1.1 0.83 2562.7 22.5 2807.5 12.1 2988.4 11.3 2988.4 11.3 85.8 
Moecher R9-52 17Dec2017-Spot 227 155 
507838 2.3 4.4442 0.7 16.7349 1.1 0.5396 0.9 0.79 2782.0 19.3 2919.8 10.3 3016.2 10.6 3016.2 10.6 92.2 
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Appendix B: EC17-1B Monazite Th-Pb geochronology analysis 
Standard analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ Th O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  554_EC17-1B@1.ais 46.0 0.87 1122.00 1.24 408.90 0.00228 0.0000433 6.20 0.03301 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@10.ais 45.4 1.41 709.10 0.60 108.60 0.00225 0.0000700 4.44 0.04326 95 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@11.ais 46.9 1.50 1381.00 0.26 121.80 0.00232 0.0000742 4.21 0.04945 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@12.ais 44.0 1.07 642.40 1.83 307.10 0.00218 0.0000531 5.28 0.01489 94 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@13.ais 45.5 1.26 551.00 2.14 328.90 0.00226 0.0000623 4.87 0.02898 93 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@17.ais 45.7 0.91 2057.00 0.80 542.50 0.00226 0.0000450 6.15 0.04149 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@18.ais 43.9 1.02 1167.00 1.13 345.20 0.00217 0.0000503 5.28 0.02297 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@2.ais 44.1 1.19 565.30 0.78 161.90 0.00218 0.0000592 5.27 0.09616 93 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@3.ais 46.0 1.01 1014.00 1.21 358.00 0.00228 0.0000500 5.57 0.02279 96 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@4.ais 44.3 1.08 1087.00 1.17 297.80 0.00220 0.0000536 5.15 0.03452 96 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@5.ais 44.4 1.02 1491.00 0.80 340.80 0.00220 0.0000503 5.30 0.02352 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@7.ais 45.4 1.33 603.40 1.18 204.10 0.00225 0.0000661 4.53 0.01766 94 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-1B@8.ais 44.6 1.82 433.20 4.07 362.30 0.00221 0.0000902 3.57 0.09548 91 18.86 15.62 38.34 (204Pb) 6 [/7] 
Average 45.1 0.95               
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Appendix B: EC17-1B Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ 
Th 
O2/ 
% 
Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  unk_EC17-1B@11.ais 332 7.74 12560 1.0090 361.4 0.0166 0.0004 5.365 0.0259 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@12.ais 399 9.68 13890 0.9672 339.2 0.0199 0.0005 4.796 0.0211 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@13.ais 461 11.97 10450 0.4503 202.9 0.0231 0.0006 4.662 0.0380 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@14.ais 812 15.51 12530 3.0770 451.2 0.0410 0.0008 6.177 0.0207 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@16.ais 952 23.56 26330 0.9339 348.9 0.0482 0.0012 4.691 0.0147 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@17.ais 418 13.53 11430 0.6585 188.6 0.0209 0.0007 3.901 0.0224 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@18.ais 418 17.89 2580 0.2169 43.9 0.0209 0.0009 3.283 0.0326 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@19.ais 941 23.55 11030 3.2590 273.9 0.0477 0.0012 4.913 0.0153 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@2.ais 422 9.20 6783 1.2840 296.7 0.0211 0.0005 5.183 0.0250 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@20.ais 793 25.86 6426 7.4970 345.3 0.0400 0.0013 3.781 0.0074 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@22.ais 526 21.26 327 1.5600 406.0 0.0264 0.0011 4.147 0.0619 88 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@23.ais 553 14.67 384 4.7100 271.6 0.0278 0.0007 5.279 0.0583 90 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@24.ais 395 9.32 2880 1.5420 293.3 0.0197 0.0005 5.104 0.0480 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@25.ais 445 17.53 356 1.3170 126.3 0.0223 0.0009 4.044 0.0830 89 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@26.ais 466 16.01 1731 0.8417 180.7 0.0233 0.0008 4.327 0.0580 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@27.ais 824 16.82 34930 0.9337 349.7 0.0416 0.0009 5.413 0.0257 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@28.ais 514 11.42 5245 2.7600 306.7 0.0258 0.0006 5.080 0.0134 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@29.ais 394 7.43 7057 1.0680 383.8 0.0197 0.0004 5.971 0.0353 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@3.ais 447 9.10 16180 0.8093 381.3 0.0224 0.0005 5.543 0.0376 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@30.ais 574 29.97 237 2.1760 436.5 0.0288 0.0015 3.707 0.0814 84 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@31.ais 442 13.86 725 1.1340 432.6 0.0221 0.0007 5.410 0.1297 95 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@32.ais 404 10.48 6766 1.1250 277.7 0.0202 0.0005 4.643 0.0322 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@33.ais 334 7.15 15400 0.7753 325.8 0.0167 0.0004 5.258 0.0125 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
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Appendix B: EC17-1B Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ 
Th 
O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  unk_EC17-1B@34.ais 484 17.39 248 2.3910 273.7 0.0243 0.0009 4.742 0.1008 85 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@35.ais 393 21.38 159 2.4170 323.3 0.0196 0.0011 8.166 0.1676 76 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@36.ais 365 7.55 8863 1.3090 388.8 0.0182 0.0004 5.431 0.0172 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@37.ais 949 21.89 14890 1.9010 394.3 0.0481 0.0011 5.171 0.0134 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@38.ais 396 7.49 5831 1.0920 319.4 0.0198 0.0004 5.866 0.0338 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@39.ais 414 9.88 5898 1.2170 336.0 0.0207 0.0005 4.950 0.0284 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@4.ais 433 9.26 7884 1.3500 357.0 0.0217 0.0005 5.405 0.0251 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@40.ais 692 61.47 527 0.6924 66.4 0.0348 0.0031 2.186 0.0373 93 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@41.ais 435 13.87 5616 0.4502 88.9 0.0218 0.0007 4.064 0.0616 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@42.ais 506 14.19 13040 0.4754 295.2 0.0253 0.0007 4.425 0.0495 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@43.ais 457 16.51 425 0.8671 333.5 0.0229 0.0008 6.396 0.1422 91 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@44.ais 362 10.51 5744 0.1918 89.1 0.0181 0.0005 4.359 0.0441 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@45.ais 393 7.55 7670 1.3430 353.4 0.0196 0.0004 5.729 0.0226 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@46.ais 406 8.76 6540 1.5510 353.7 0.0203 0.0004 5.286 0.0316 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@47.ais 420 11.02 3092 1.8600 291.5 0.0210 0.0006 4.512 0.0246 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@49.ais 483 10.25 3983 3.6100 384.8 0.0242 0.0005 5.311 0.0396 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@5.ais 375 7.38 5786 1.4260 356.6 0.0187 0.0004 5.928 0.0398 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@50.ais 667 67.90 4919 0.5175 40.0 0.0335 0.0035 1.990 0.0142 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@51.ais 319 8.36 12370 0.9754 185.2 0.0159 0.0004 4.628 0.0146 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@6.ais 461 9.96 6585 1.9850 289.6 0.0231 0.0005 5.211 0.0198 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@7.ais 440 12.33 3908 0.4999 218.8 0.0220 0.0006 4.294 0.0305 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@8.ais 410 11.44 1882 1.2750 287.1 0.0205 0.0006 4.411 0.0535 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_EC17-1B@9.ais 434 9.27 8833 0.7503 348.8 0.0217 0.0005 5.303 0.0327 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
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Appendix B: EC17-2 Monazite Th-Pb geochronology analysis 
Standard analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ Th O2/ Th O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  554_EC17-2b@1.ais 47 1.52 1741.0 0.583 335.6 0.002338 0.000075 6.14600 0.02093 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-2b@10.ais 43 1.58 1397.0 1.092 406.7 0.002150 0.000078 5.59800 0.01654 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-2b@11.ais 47 2.38 1513.0 0.609 249.2 0.002309 0.000118 4.75300 0.02407 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-2b@2.ais 47 1.85 1536.0 0.900 373.0 0.002308 0.000092 5.35500 0.01366 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-2b@3.ais 46 1.72 2593.0 0.484 367.0 0.002301 0.000085 5.56900 0.01813 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-2b@4.ais 44 1.66 1781.0 0.701 352.2 0.002182 0.000082 5.55100 0.01490 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-2b@5.ais 45 1.82 1187.0 1.168 368.7 0.002236 0.000090 5.33500 0.03256 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-2b@6.ais 46 1.62 1913.0 0.701 407.9 0.002288 0.000080 5.72900 0.02054 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-2b@7.ais 44 1.45 1743.0 0.809 386.1 0.002155 0.000072 5.92100 0.01558 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_EC17-2b@8.ais 46 1.56 358.6 4.517 451.2 0.002267 0.000077 6.01600 0.04613 89 18.86 15.62 38.34 (204Pb) 6 [/7] 
Average 45 1.39               
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Appendix B: EC17-2 Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ 
Th 
O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  EC17-2bunk@1.ais 439 15.70 8298 1.1010 458.5 0.0219 0.0008 5.6080 0.0191 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@10.ais 405 13.03 12450 0.9671 420.7 0.0202 0.0007 5.9760 0.0164 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@11.ais 424 14.18 11720 1.2180 495.3 0.0212 0.0007 5.8440 0.0182 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@12.ais 392 11.33 11450 1.2340 423.2 0.0196 0.0006 6.4040 0.0168 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@13.ais 413 12.97 5305 1.3170 425.5 0.0207 0.0007 6.0350 0.0283 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@2.ais 397 13.01 14950 0.7924 378.8 0.0198 0.0007 5.9090 0.0237 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@3.ais 780 28.63 14080 1.6680 539.5 0.0393 0.0015 5.5570 0.0160 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@4.ais 398 12.80 8165 1.2090 411.9 0.0199 0.0006 5.9630 0.0440 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@5.ais 1012 38.83 55660 1.0590 507.9 0.0514 0.0020 5.3420 0.0097 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@6.ais 404 13.95 12620 0.9507 382.3 0.0202 0.0007 5.7900 0.0273 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@7.ais 519 16.83 20680 0.9928 400.6 0.0260 0.0009 5.9910 0.0211 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@8.ais 386 11.35 17610 0.7419 425.4 0.0193 0.0006 6.2800 0.0229 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  EC17-2bunk@9.ais 472 24.34 601 1.6840 379.3 0.0236 0.0012 4.8050 0.0426 94 18.86 15.62 38.34 (204Pb) 6 [/7] 
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Appendix B: EC17-3 Monazite Th-Pb geochronology analysis 
Standard analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ 
Th 
O2/ 
% 
Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  554_EC17-3@1.ais 45 3.01 1042.0 1.0 365.2 0.002249 0.000149 6.020 0.0477 96 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_EC17-3@11.ais 42 3.92 213.2 5.7 250.2 0.002072 0.000195 4.608 0.0206 82 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_EC17-3@12.ais 46 3.06 624.6 1.8 415.5 0.002256 0.000152 6.096 0.0374 94 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_EC17-3@13.ais 45 2.89 942.5 1.3 423.7 0.002235 0.000143 6.310 0.0337 96 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_EC17-3@3.ais 46 3.68 220.9 7.7 389.5 0.002287 0.000183 5.452 0.0577 83 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_EC17-3@4.ais 49 3.59 261.7 1.7 384.8 0.002442 0.000178 6.063 0.0385 85 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_EC17-3@9.ais 45 3.29 2573.0 0.4 312.6 0.002206 0.000163 5.381 0.0360 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
average  45 3.35               
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Appendix B: EC17-3 Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ Th O2/ 
% 
Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  unk_EC17-3@1.ais 483 31.5 8190 1.41 458.0 0.02418 0.00160 5.969 0.04941 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@10.ais 966 61.6 37970 1.19 387.3 0.04893 0.00320 6.006 0.01562 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@12.ais 373 41.4 13940 0.54 143.1 0.01865 0.00208 3.429 0.01126 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@14.ais 390 27.8 5615 1.81 316.5 0.01947 0.00140 5.446 0.01982 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@16.ais 434 28.1 4210 2.06 496.1 0.02172 0.00142 6.006 0.02631 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@17.ais 865 59.3 15410 1.64 364.3 0.04372 0.00306 5.592 0.01998 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@18.ais 433 30.9 7468 1.31 271.2 0.02163 0.00156 5.419 0.04322 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@19.ais 475 31.1 8375 1.52 365.9 0.02378 0.00158 5.926 0.02020 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@2.ais 413 43.4 563 1.60 545.8 0.02062 0.00219 3.688 0.05779 93 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@20.ais 433 28.0 8357 2.05 526.6 0.02166 0.00142 6.007 0.02986 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@21.ais 452 37.3 8173 1.00 255.9 0.02263 0.00189 4.677 0.01782 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@22.ais 931 74.5 24100 2.44 394.7 0.04716 0.00386 4.750 0.01102 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@23.ais 439 31.9 7308 1.70 420.4 0.02197 0.00161 5.348 0.01703 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@24.ais 436 28.8 716 2.69 409.1 0.02182 0.00146 6.213 0.05449 95 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@25.ais 414 27.5 8181 1.51 406.4 0.02068 0.00139 5.843 0.02995 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@26.ais 426 29.1 11010 1.75 420.8 0.02127 0.00147 5.655 0.02907 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@27.ais 398 24.9 5022 1.31 366.7 0.01987 0.00126 6.277 0.02777 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@28.ais 434 30.8 14970 0.79 370.8 0.02172 0.00156 5.486 0.01799 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@29.ais 309 19.8 8092 1.63 379.4 0.01539 0.00099 6.088 0.01656 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@3.ais 419 29.5 5623 1.71 376.3 0.02092 0.00149 5.519 0.01978 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@30.ais 444 26.5 3860 3.62 439.8 0.02219 0.00134 6.507 0.02119 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@31.ais 321 24.7 18210 1.19 375.1 0.01603 0.00124 5.055 0.01676 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
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Appendix B: EC17-3 Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ Th O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  unk_EC17-3@32.ais 323 25.4 24350 0.56 262.9 0.01609 0.00128 4.910 0.02149 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@33.ais 303 25.2 20920 0.61 279.9 0.01511 0.00127 4.640 0.01408 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@34.ais 424 32.0 40720 0.22 355.1 0.02122 0.00162 5.172 0.01869 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@35.ais 855 54.8 13060 2.08 451.8 0.04320 0.00283 5.990 0.02267 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@36.ais 426 29.6 9706 1.74 438.4 0.02127 0.00150 5.587 0.03091 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@37.ais 943 66.9 28900 2.07 421.0 0.04774 0.00347 5.405 0.01451 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@38.ais 415 28.6 7795 1.89 391.4 0.02073 0.00144 5.635 0.02145 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@39.ais 404 27.9 10930 1.78 413.7 0.02017 0.00141 5.617 0.01611 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@4.ais 1017 67.4 30620 1.23 428.5 0.05159 0.00350 5.811 0.01678 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@40.ais 332 23.6 10450 1.74 381.8 0.01654 0.00119 5.441 0.01571 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@41.ais 417 27.0 5878 2.01 421.4 0.02086 0.00137 6.015 0.02242 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@42.ais 974 65.3 15610 2.42 352.9 0.04935 0.00339 5.707 0.02146 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@43.ais 422 29.3 6975 1.53 395.8 0.02111 0.00148 5.596 0.01923 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@44.ais 848 56.3 23360 1.43 457.4 0.04287 0.00291 5.846 0.02419 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@45.ais 301 21.6 11560 1.66 410.7 0.01499 0.00108 5.427 0.03028 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@46.ais 921 60.0 14850 0.94 340.1 0.04662 0.00311 5.892 0.03689 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@47.ais 389 30.9 6201 1.44 233.6 0.01943 0.00156 4.890 0.01682 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@5.ais 988 79.9 5398 1.64 437.5 0.05011 0.00415 4.698 0.04355 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@6.ais 435 29.0 5404 1.91 406.9 0.02175 0.00147 5.856 0.04117 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@7.ais 463 29.2 2484 1.66 443.1 0.02316 0.00148 6.242 0.06007 98 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@8.ais 776 55.3 1465 1.59 312.2 0.03916 0.00284 5.522 0.07363 97 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@9.ais 420 27.1 6395 1.99 374.8 0.02100 0.00137 6.060 0.02636 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@48.ais 836 76.6 139600 0.21 172.2 0.04222 0.00395 4.147 0.02558 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
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Appendix B: EC17-3 Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ Th O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  unk_EC17-3@49.ais 428 27.1 9098 1.51 485.3 0.02139 0.00137 6.169 0.03680 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@50.ais 415 28.7 6229 2.33 417.5 0.02075 0.00145 5.610 0.02934 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@51.ais 419 27.5 9993 1.34 442.8 0.02096 0.00139 5.936 0.03803 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@52.ais 420 28.7 5417 2.24 365.3 0.02100 0.00145 5.674 0.02504 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@53.ais 438 29.6 7998 1.11 331.0 0.02192 0.00150 5.748 0.02273 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@54.ais 396 25.1 2131 2.00 384.6 0.01979 0.00127 6.245 0.03441 98 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@55.ais 448 33.4 347 8.47 521.7 0.02242 0.00169 5.254 0.03662 89 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@57.ais 310 22.9 7981 1.93 344.0 0.01546 0.00115 5.280 0.03215 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@58.ais 415 30.0 7332 1.59 364.2 0.02076 0.00152 5.385 0.02591 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@59.ais 351 25.7 7159 2.71 360.9 0.01752 0.00130 5.292 0.01203 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@60.ais 399 27.7 7324 1.53 413.5 0.01996 0.00140 5.601 0.03941 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@62.ais 383 26.8 2553 2.01 418.7 0.01915 0.00135 5.578 0.07752 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@63.ais 416 31.2 3231 3.45 337.2 0.02077 0.00157 5.155 0.01674 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@64.ais 402 27.7 4576 1.86 342.8 0.02007 0.00140 5.651 0.03912 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@65.ais 375 26.9 1477 5.59 326.3 0.01875 0.00136 5.412 0.02768 97 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@66.ais 313 25.7 6309 1.81 226.6 0.01560 0.00129 4.707 0.01414 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  unk_EC17-3@67.ais 413 29.7 5898 2.09 396.6 0.02065 0.00150 5.383 0.01679 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
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Appendix B: SL17-5 Monazite Th-Pb geochronology analysis 
Standard analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ Th O2/ Th O2/ 
% 
Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  554_SL17-5@19.ais 46 12.2 9841 0.050 148.3 0.002261 0.000604 2.88200 0.02792 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@17.ais 45 4.9 1216 0.751 259.9 0.002229 0.000245 5.39400 0.04183 97 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@15.ais 49 4.3 650 1.838 392.4 0.002428 0.000216 6.44300 0.05456 94 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@16.ais 41 4.5 800 1.388 275.6 0.002031 0.000224 5.38700 0.03675 95 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@14.ais 47 4.5 807 1.188 322.1 0.002315 0.000223 6.01800 0.02460 95 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@13.ais 42 3.5 696 1.313 399.7 0.002059 0.000172 6.82700 0.03599 94 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@11.ais 46 4.1 1051 1.352 475.7 0.002258 0.000205 6.39800 0.06400 96 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@12.ais 41 5.2 2867 0.864 412.4 0.002013 0.000258 4.79900 0.02831 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@10.ais 48 9.1 607 1.138 262.0 0.002391 0.000452 3.61300 0.09569 94 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@7.ais 38 3.7 851 1.489 431.7 0.001886 0.000183 5.98400 0.01914 95 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@9.ais 38 4.2 1082 0.849 356.8 0.001874 0.000207 5.37600 0.02744 96 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@1.ais 53 5.1 961 1.013 304.5 0.002634 0.000251 6.08200 0.03652 96 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@2.ais 53 5.2 1071 1.263 460.4 0.002607 0.000256 5.92300 0.04756 96 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@3.ais 45 4.5 941 1.351 378.2 0.002216 0.000224 5.81000 0.02605 96 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@4.ais 44 4.5 1021 1.375 411.9 0.002186 0.000223 5.74400 0.02567 96 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@5.ais 44 4.6 2005 0.638 369.5 0.002178 0.000231 5.56000 0.02718 98 18.86 15.62 38.34 (204Pb) 4 [/5] 
2018_02-26\  554_SL17-5@6.ais 46 4.9 1062 1.238 363.1 0.002284 0.000244 5.54900 0.01839 96 18.86 15.62 38.34 (204Pb) 4 [/5] 
Average 45 5.2               
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Appendix B: SL17-5 Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ Th O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
07march\  unk_SL17-5@1.ais 1084 141.5 12600 5.788 344.0 0.05511 0.00739 4.618 0.02332 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@2.ais 460 60.4 469 1.639 232.1 0.02302 0.00306 4.845 0.10940 92 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@3.ais 1625 153.3 10170 8.018 395.7 0.08371 0.00822 5.895 0.05761 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@4.ais 434 47.2 5051 3.630 396.2 0.02171 0.00239 5.393 0.04749 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@5.ais 2137 233.4 20290 2.525 311.2 0.11150 0.01283 5.195 0.01831 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@6.ais 1064 100.4 1544 14.800 426.5 0.05405 0.00524 5.969 0.04008 98 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@7.ais 541 56.3 380 5.163 490.2 0.02711 0.00286 5.655 0.10400 90 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@8.ais 489 50.0 903 4.114 473.0 0.02447 0.00254 5.678 0.05051 96 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@9.ais 355 30.4 2639 4.204 322.0 0.01772 0.00153 6.564 0.04962 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@10.ais 381 53.6 1871 7.673 289.9 0.01904 0.00270 4.427 0.03415 98 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@11.ais 920 123.5 166 9.954 384.5 0.04658 0.00640 4.642 0.07855 77 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@12.ais 1919 182.1 4995 10.830 264.5 0.09958 0.00990 5.838 0.02410 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@13.ais 855 83.1 10510 1.963 337.2 0.04321 0.00429 5.835 0.03966 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@15.ais 446 49.5 3981 1.824 322.2 0.02232 0.00250 5.302 0.02911 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@16.ais 1546 160.2 11680 9.105 417.2 0.07951 0.00856 5.484 0.02242 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@18.ais 457 64.1 440 13.990 165.3 0.02288 0.00324 4.434 0.01969 91 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@19.ais 1116 98.2 6505 4.814 488.9 0.05674 0.00513 6.339 0.02252 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@20.ais 2611 210.0 24030 3.503 498.7 0.13790 0.01182 6.594 0.05051 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@21.ais 401 38.7 1092 7.040 319.4 0.02004 0.00195 5.941 0.02489 96 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@22.ais 728 173.3 197 9.139 326.3 0.03669 0.00889 3.089 0.03457 81 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@23.ais 432 40.5 1241 10.040 431.5 0.02160 0.00205 6.071 0.05586 97 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@24.ais 446 40.1 652 11.830 405.6 0.02231 0.00203 6.312 0.05349 94 18.86 15.62 38.34 (204Pb) 4 [/5] 
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Appendix B: SL17-5 Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ Th O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
07march\  unk_SL17-5@25.ais 713 99.7 261 8.067 336.8 0.03590 0.00511 4.442 0.04380 85 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@26.ais 642 199.0 4508 0.300 53.0 0.03228 0.01016 2.627 0.05667 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@27.ais 708 85.2 260 10.890 278.5 0.03565 0.00437 4.996 0.04729 85 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@28.ais 957 117.0 7240 5.027 332.9 0.04851 0.00607 4.866 0.01300 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@29.ais 424 39.6 5094 2.166 232.0 0.02118 0.00200 6.094 0.03552 99 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@30.ais 415 46.8 824 10.620 321.0 0.02074 0.00236 5.238 0.04685 95 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@31.ais 736 89.6 117 10.030 373.1 0.03707 0.00460 5.281 0.13120 67 18.86 15.62 38.34 (204Pb) 4 [/5] 
07march\  unk_SL17-5@32.ais 1774 163.9 20880 4.313 530.0 0.09174 0.00885 5.975 0.02111 100 18.86 15.62 38.34 (204Pb) 4 [/5] 
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Appendix B: SL17-5b Monazite Th-Pb geochronology analysis 
Standard analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ 
Th 
O2/ 
% 
Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  554_SL17-5b@1.ais 44 1.22 1647 0.792 424.1 0.002189 0.000060 6.853 0.0294 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_SL17-5b@11.ais 47 1.22 1029 1.301 461.6 0.002309 0.000060 6.520 0.0431 96 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_SL17-5b@2.ais 45 1.18 1463 0.983 412.5 0.002235 0.000058 6.668 0.0395 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_SL17-5b@3.ais 45 1.15 1463 0.942 414.8 0.002210 0.000057 6.541 0.0197 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_SL17-5b@4.ais 46 1.15 1486 0.775 406.4 0.002260 0.000057 6.704 0.0312 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_SL17-5b@5.ais 44 1.11 1691 0.884 417.7 0.002157 0.000055 6.357 0.0229 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_SL17-5b@6.ais 44 1.12 1214 1.142 411.8 0.002161 0.000055 6.461 0.0260 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_SL17-5b@7.ais 45 1.14 1746 0.742 401.3 0.002224 0.000056 6.549 0.0279 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_SL17-5b@8.ais 46 1.21 1413 0.683 390.7 0.002302 0.000060 6.771 0.0287 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_SL17-5b@9.ais 46 1.20 1673 0.734 374.9 0.002270 0.000059 6.089 0.0491 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
average 45 1.09               
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Appendix B: SL17-5b Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ Th O2/ 
% 
Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
2018_02-26\  unk_SL17-5b@1.ais 366 9.1 4324 1.81 376.8 0.01828 0.00046 6.367 0.03243 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@10.ais 413 10.2 18310 0.93 430.0 0.02064 0.00051 6.356 0.02594 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@11.ais 901 23.9 21280 0.88 398.6 0.04556 0.00124 5.654 0.02841 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@12.ais 312 9.2 4611 1.24 214.8 0.01557 0.00046 4.521 0.03324 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@13.ais 390 9.8 9897 1.23 395.2 0.01949 0.00049 6.114 0.01576 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@14.ais 441 14.2 275 8.71 499.0 0.02206 0.00072 4.854 0.08301 86 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@15.ais 846 21.5 47080 1.00 461.8 0.04275 0.00111 5.809 0.02430 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@16.ais 374 9.1 13800 1.21 401.0 0.01868 0.00046 6.505 0.02226 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@17.ais 407 10.5 7950 1.70 557.7 0.02032 0.00053 5.739 0.01999 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@18.ais 394 11.2 393 4.34 478.2 0.01970 0.00056 5.582 0.09417 90 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@2.ais 2251 56.4 16450 4.72 406.8 0.11780 0.00312 6.872 0.04251 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@3.ais 2328 56.7 2038 59.91 414.1 0.12210 0.00315 6.345 0.03787 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@4.ais 437 10.3 2466 1.08 367.1 0.02186 0.00052 7.447 0.08736 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@5.ais 384 10.3 3161 1.63 293.3 0.01918 0.00052 5.760 0.06654 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@6.ais 2031 51.3 15480 1.18 380.3 0.10570 0.00281 5.759 0.03549 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@7.ais 397 10.8 5616 1.97 468.6 0.01982 0.00054 5.312 0.02274 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@8.ais 973 25.5 13130 2.74 355.8 0.04932 0.00132 5.810 0.02806 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_SL17-5b@9.ais 848 20.9 8096 3.16 441.7 0.04286 0.00108 6.375 0.02548 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
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Appendix B: R9-22 Monazite Th-Pb geochronology analysis 
Standard analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ Th O2/ 
% 
Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
R9-results\  554_R9-22@10.ais 40 2.7 699.4 1.3510 261.9 0.00200 0.00013 6.367 0.03451 95 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-22@11.ais 48 3.8 447.0 1.6510 241.3 0.00237 0.00019 6.126 0.03840 91 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-22@13.ais 45 3.3 792.8 1.2340 278.8 0.00221 0.00016 6.192 0.03904 95 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-22@14.ais 47 3.8 979.5 1.0090 283.6 0.00234 0.00019 6.107 0.03110 96 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-22@15.ais 43 2.6 1366.0 0.8169 308.6 0.00213 0.00013 6.323 0.02295 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-22@16.ais 49 3.4 1216.0 1.1420 382.3 0.00242 0.00017 6.177 0.01952 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-22@18.ais 41 2.6 1500.0 0.7169 346.5 0.00203 0.00013 6.394 0.04160 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-22@19.ais 46 3.0 876.0 1.2590 317.9 0.00227 0.00015 6.256 0.01913 96 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-22@20.ais 46 3.1 989.9 1.0590 330.1 0.00230 0.00015 6.243 0.02227 96 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_R9-22@1.ais 44 3.8 1102.0 0.9000 264.8 0.00217 0.00019 5.986 0.02681 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_R9-22@2.ais 43 3.4 909.9 0.8838 271.8 0.00212 0.00017 6.338 0.05635 96 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_R9-22@4.ais 44 3.2 1049.0 0.9169 287.5 0.00216 0.00016 6.255 0.04431 96 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_R9-22@5.ais 48 4.1 1166.0 0.7923 250.0 0.00239 0.00020 6.069 0.03869 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_R9-22@6.ais 43 3.3 1264.0 0.6586 263.4 0.00214 0.00017 6.244 0.04716 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  554_R9-22@7.ais 47 4.0 693.6 0.8761 191.3 0.00232 0.00020 6.107 0.04503 94 18.86 15.62 38.34 (204Pb) 6 [/7] 
Average  45 3.3               
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Appendix B: R9-22 Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ 
Th 
O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
R9-results\  unk_R9-22@22.ais 318.5 23.6 2195 1.0080 296.0 0.01588 0.00118 6.528 0.0793 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@23.ais 363.9 21.3 7680 0.9256 268.9 0.01816 0.00107 6.350 0.0221 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@24.ais 250.1 11.9 8924 1.0000 271.2 0.01245 0.00060 6.572 0.0197 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@25.ais 591.2 62.9 6294 1.0260 281.0 0.02968 0.00320 5.863 0.0346 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22_26.ais 324.5 16.6 7932 1.0840 286.7 0.01619 0.00084 6.510 0.0268 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22_26@1.ais 317.7 16.7 9134 0.8913 300.4 0.01584 0.00084 6.549 0.0361 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22_26@2.ais 361.6 25.2 4398 0.9838 237.0 0.01805 0.00127 6.363 0.0601 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22_26@3.ais 1756.0 273.6 7240 1.7760 303.4 0.09075 0.01476 5.628 0.0292 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22_26@4.ais 338.7 18.3 3980 1.3340 284.3 0.01690 0.00092 6.484 0.0313 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@32.ais 1084.0 89.9 21080 1.4760 306.2 0.05510 0.00469 6.018 0.0313 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@33.ais 512.1 50.9 998 0.8093 236.2 0.02566 0.00258 6.914 0.1578 96 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@34.ais 2614.0 481.1 40320 0.8595 300.4 0.13810 0.02709 5.548 0.0273 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@36.ais 2607.0 1419.0 533 3.2920 298.9 0.13770 0.07985 5.344 0.0619 93 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@37.ais 450.4 54.3 604 1.4430 185.4 0.02253 0.00275 6.272 0.1260 94 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@38.ais 968.2 254.5 2004 4.4520 212.8 0.04907 0.01321 5.512 0.0596 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@39.ais 1230.0 114.6 30800 0.8676 260.9 0.06272 0.00603 5.896 0.0222 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@40.ais 333.7 30.9 389 2.2750 263.5 0.01665 0.00155 6.606 0.1345 90 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@41.ais 439.6 33.3 5155 1.2090 271.4 0.02199 0.00169 6.128 0.0374 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@42.ais 446.8 32.5 8477 1.0840 312.6 0.02235 0.00165 6.151 0.0326 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@43.ais 352.6 18.2 8078 1.0170 304.9 0.01760 0.00091 6.485 0.0268 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@44.ais 1604.0 547.7 2387 0.8257 437.2 0.08259 0.02933 5.486 0.0943 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@45.ais 290.8 12.4 7324 0.9005 336.2 0.01449 0.00062 6.913 0.0466 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@46.ais 341.8 17.7 6907 1.5260 295.4 0.01705 0.00089 6.504 0.0280 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
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Appendix B: R9-22 Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ 
Th 
O2/ 
% 
Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
R9-results\  unk_R9-22@47.ais 278.4 10.7 6350 1.2510 330.8 0.01387 0.00054 6.949 0.0303 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@48.ais 419.3 28.3 5207 1.2430 297.2 0.02096 0.00143 6.212 0.0253 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@49.ais 416.6 31.3 3633 1.7580 310.7 0.02083 0.00158 6.216 0.0565 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@53.ais 341.9 19.8 9849 0.8422 347.5 0.01706 0.00100 6.390 0.0327 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@54.ais 720.2 34.9 13550 1.6850 352.1 0.03628 0.00179 6.605 0.0292 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-22@55.ais 494.8 55.9 784 1.2680 252.6 0.02478 0.00284 6.095 0.0834 95 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@1.ais 479.1 36.5 9161 1.0170 295.4 0.02399 0.00185 6.105 0.0329 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@2.ais 434.2 30.3 6266 1.3590 274.0 0.02172 0.00153 6.212 0.0343 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@3.ais 529.9 48.9 10850 0.9840 286.8 0.02656 0.00248 5.961 0.0369 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@4.ais 1385.0 147.7 19760 1.2250 293.0 0.07093 0.00783 5.809 0.0232 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@5.ais 312.6 18.8 2583 2.8170 277.0 0.01558 0.00094 6.515 0.0602 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@6.ais 440.3 42.0 6798 1.6430 318.4 0.02202 0.00212 5.916 0.0312 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@7.ais 1738.0 239.0 25300 1.8170 281.3 0.08979 0.01289 5.669 0.0253 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@8.ais 459.6 37.6 6874 1.3340 268.0 0.02300 0.00190 6.084 0.0406 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@9.ais 264.0 14.6 6350 1.3510 265.5 0.01315 0.00073 6.464 0.0430 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@10.ais 412.2 37.6 7759 1.3600 285.6 0.02060 0.00190 5.945 0.0307 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@11.ais 1046.0 80.5 38090 1.0090 312.7 0.05310 0.00419 6.061 0.0325 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@12.ais 425.2 29.1 4581 1.9760 274.7 0.02126 0.00147 6.179 0.0258 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@13.ais 383.0 24.3 8982 0.7088 270.9 0.01913 0.00123 6.287 0.0299 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@15.ais 464.4 38.0 5452 1.1750 293.8 0.02324 0.00192 6.088 0.0422 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@17.ais 297.2 13.0 7718 1.1930 348.2 0.01481 0.00065 6.859 0.0364 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@18.ais 892.2 147.5 8602 1.4840 310.3 0.04513 0.00763 5.619 0.0348 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
2018_02-26\  unk_R9-22@19.ais 348.3 20.1 5102 1.2010 302.3 0.01738 0.00101 6.468 0.0415 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
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Appendix B: R9-52 Monazite Th-Pb geochronology analysis 
Standard analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ Th O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
R9-results\  554_R9-52@1.ais 45 2.1 1278 0.7507 295.8 0.00224 0.00011 6.059 0.0280 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@2.ais 44 2.2 808 1.2760 320.9 0.00216 0.00011 6.004 0.0365 95 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@3.ais 47 2.3 1387 0.7088 306.8 0.00233 0.00012 5.938 0.0286 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@4.ais 44 2.0 1287 0.5251 254.0 0.00216 0.00010 6.342 0.0433 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@5.ais 45 1.9 813 1.0180 309.2 0.00225 0.00010 6.713 0.0309 95 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@7.ais 49 2.6 1185 0.9171 306.0 0.00243 0.00013 5.616 0.0474 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@8.ais 46 2.1 1339 0.7584 293.1 0.00230 0.00011 6.395 0.0383 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@9.ais 46 1.9 1407 0.7508 329.2 0.00229 0.00009 6.766 0.0336 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@10.ais 42 1.9 1562 1.0430 333.4 0.00207 0.00009 6.128 0.0168 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@11.ais 44 1.8 1214 0.6170 285.1 0.00218 0.00009 6.832 0.0402 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@12.ais 45 2.3 1218 0.6170 223.6 0.00221 0.00011 5.766 0.0490 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@13.ais 45 1.9 1258 0.7087 283.0 0.00225 0.00010 6.515 0.0247 97 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  554_R9-52@14.ais 48 2.2 1040 1.0670 293.4 0.00236 0.00011 6.183 0.0203 96 18.86 15.62 38.34 (204Pb) 6 [/7] 
Average  45 2.1               
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Appendix B: R9-52 Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ 
Th 
O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
R9-results\  unk_R9-52@1.ais 473 34.7 1658 0.684 179.0 0.02368 0.00176 4.549 0.0574 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@2.ais 1481 56.7 66410 0.591 298.2 0.07601 0.00302 6.693 0.0299 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@3.ais 1432 73.9 27250 1.067 291.8 0.07343 0.00393 5.459 0.0709 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@4.ais 407 20.6 7014 1.634 302.1 0.02032 0.00104 5.637 0.0143 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@5.ais 409 18.4 3017 1.334 317.0 0.02041 0.00093 6.178 0.0282 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@6.ais 606 61.9 314 2.210 327.6 0.03043 0.00316 3.787 0.0585 88 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@7.ais 363 19.5 421 2.603 247.2 0.01812 0.00098 5.647 0.1117 91 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@8.ais 590 59.5 290 3.510 288.6 0.02962 0.00303 3.788 0.0316 87 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@9.ais 428 21.3 11510 0.826 322.5 0.02141 0.00107 5.720 0.0237 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@10.ais 2542 118.4 6499 10.790 241.7 0.13400 0.00664 5.794 0.0336 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@11.ais 348 24.9 807 0.826 226.1 0.01736 0.00125 4.810 0.0798 95 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@12.ais 350 13.2 2633 0.909 384.3 0.01746 0.00067 6.980 0.0756 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@13.ais 447 17.3 5984 1.234 333.7 0.02235 0.00087 6.855 0.0282 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@14.ais 601 47.4 318 2.217 425.1 0.03016 0.00242 4.513 0.0977 88 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@15.ais 860 36.9 22100 1.075 314.5 0.04348 0.00191 6.234 0.0398 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@17.ais 1519 60.0 49350 1.059 227.1 0.07802 0.00320 6.629 0.0261 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@18.ais 1730 70.4 61190 1.017 318.8 0.08937 0.00379 6.372 0.0179 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@19.ais 413 16.6 11890 0.617 303.1 0.02066 0.00084 6.739 0.0240 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@20.ais 967 45.3 36880 1.142 304.3 0.04901 0.00235 5.867 0.0124 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@21.ais 442 19.8 5453 1.734 284.4 0.02212 0.00100 6.165 0.0497 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@22.ais 391 14.8 1871 2.159 267.7 0.01955 0.00074 6.997 0.0337 98 18.86 15.62 38.34 (204Pb) 6 [/7] 
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Appendix B: R9-52 Monazite Th-Pb geochronology analysis 
Analysis 
Age 
(Ma) 
Age 
(Ma)                             
208Pb/ 208Pb/ 208Pb/ 204Pb 
Pr P 
O2 208Pb/ 208Pb/ 
Th 
O2/ 
Th 
O2/ % Radiogenic Common Common Common Pb corr. Blk Rejected 
232Th 232Th 204Pb   232Th 232Th Th Th 208Pb 206Pb/ 207Pb/ 208Pb/  Size  
  1 s.e.         1 s.e.   1 s.e.   204Pb 204Pb 204Pb       
R9-results\  unk_R9-52@23.ais 507 36.0 685 1.935 410.9 0.02538 0.00183 4.900 0.0780 94 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@24.ais 2206 80.3 53550 1.117 271.1 0.11530 0.00443 6.967 0.0493 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@25.ais 2136 108.9 33930 2.092 266.5 0.11140 0.00599 5.487 0.0215 100 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@26.ais 353 17.6 438 3.208 294.1 0.01760 0.00088 6.221 0.0724 91 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@27.ais 374 19.1 5370 1.101 266.9 0.01869 0.00096 5.585 0.0316 99 18.86 15.62 38.34 (204Pb) 6 [/7] 
R9-results\  unk_R9-52@28.ais 400 22.4 893 1.992 290.9 0.01996 0.00113 5.413 0.0583 96 18.86 15.62 38.34 (204Pb) 6 [/7] 
  
  
1
8
9
 
 
 
  
Appendix C: EC17-1B Zircon U-Th/He thermochronology analysis He 
Age  
He 
Age  
U-Pb 
age 
U-Pb 
Age 
Post-
depositional 
Sample 
and grain 
no. 
Analysis 
no. U ppm 
U SD 
(ppm) 
Th 
ppm 
Th SD 
(ppm) 
eU 
(ppm) 
He 
(ncc) 
He 
error 
(ncc) He (ncc/g) 
Mass 
(mg) FT Shape 
Radius 
(um) 
Length 
(um) 
Uncorr. 
Age (Ma) Error (Ma) Error 
ejection 
age 
EC17-1B 
Zr 83 
He 
16300 238.87 3.51 65.68 1.01 254.30 12.1016 0.01645 8375187.79 0.0014 0.69 np 37.3 128.8 266.3 386.21 3.70 
1056.0 18.0 363.2 
EC17-1B 
Zr 112 
He 
16304 172.88 2.49 90.97 1.32 194.26 12.9854 0.00680 8693774.74 0.0015 0.69 pp 38.0 128.5 359.0 517.31 4.51 
1075.2 15.2 454.5 
EC17-1B 
Zr 121 
He 
16309 88.49 1.32 94.04 1.42 110.58 4.4438 0.00323 3458610.80 0.0013 0.67 nn 34.9 131.0 253.3 377.02 2.99 
1048.1 16.6 355.7 
EC17-1B 
Zr 136 
He 
16313 126.73 1.90 117.92 1.69 154.44 8.5609 0.01815 5797878.94 0.0015 0.71 np 41.1 108.7 302.8 428.15 3.84 
1054.1 16.3 394.2 
EC17-1B 
Zr 139 
He 
16317 128.46 1.88 109.03 1.57 154.08 7.7861 0.00391 4612517.35 0.0017 0.73 pp 44.8 104.2 242.7 334.38 2.96 
1173.9 13.9 328.2 
EC17-1B 
Zr 167 
He 
16321 331.53 4.82 260.93 3.80 392.85 20.8215 0.01274 16375230.04 0.0013 0.69 nn 38.9 104.5 335.3 484.34 4.01 
439.4 4.3 431.3 
EC17-1B 
Zr 171 
He 
16326 130.02 1.92 66.07 0.95 145.55 7.1284 0.00257 5218673.17 0.0014 0.70 np 41.1 100.5 289.4 410.94 3.85 
1181.7 10.4 381.7 
EC17-1B 
Zr 173 
He 
16330 224.62 3.30 64.21 0.93 239.71 6.8796 0.00532 6380787.32 0.0011 0.66 nn 33.3 120.4 216.2 329.46 2.98 
1063.4 18.5 323.5 
EC17-1B 
Zr 176 
He 
16334 1221.34 17.61 487.22 7.00 1335.83 25.7951 0.01257 31277014.19 0.0008 0.66 pp 36.7 76.2 190.7 287.91 2.50 
1175.1 17.3 296.0 
EC17-1B 
Zr 186 
He 
16338 242.71 3.61 85.98 1.23 262.92 10.3904 0.00719 9185703.66 0.0011 0.67 np 35.6 111.1 282.1 420.23 3.76 
1073.5 16.7 384.7 
EC17-1B 
Zr 198  
He 
16342 222.68 3.27 101.62 1.48 246.56 13.8467 0.00938 7459714.66 0.0019 0.74 pp 48.6 97.6 245.2 331.27 3.23 
1066.9 15.3 326.3 
EC17-1B 
Zr 203 
He 
16347 233.47 3.45 121.69 1.77 262.07 8.4281 0.00613 8240611.51 0.0010 0.64 nn 31.1 131.0 254.6 398.65 3.37 
1356.6 18.8 367.3 
EC17-1B 
Zr 205 
He 
16351 220.96 3.20 82.77 1.21 240.42 8.9755 0.00892 6834559.78 0.0013 0.70 nn 40.4 99.8 230.6 329.48 3.10 
1165.1 15.5 324.2 
EC17-1B 
Zr 206 
He 
16355 128.25 1.88 52.09 0.77 140.49 5.4893 0.01164 4482522.07 0.0012 0.68 np 37.1 110.4 258.2 378.27 3.43 
1073.1 16.6 357.2 
EC17-1B 
Zr 220 
He 
16359 46.25 0.68 32.65 0.48 53.92 2.8877 0.00612 1345897.85 0.0021 0.74 np 46.2 125.0 202.9 274.61 2.65 
1137.2 17.1 284.4 
EC17-1B 
Zr 258 
He 
16363 307.22 4.39 130.78 1.88 337.95 9.9883 0.02098 9540205.74 0.0010 0.65 nn 32.7 121.7 229.1 352.00 2.96 
1061.1 13.6 338.0 
EC17-1B 
Zr 271  
He 
16375 137.95 1.98 223.03 3.20 190.36 7.3603 0.00584 4019615.70 0.0018 0.73 nn 43.9 117.7 172.2 237.20 1.91 
1101.9 18.4 257.7 
EC17-1B 
Zr 289 
He 
16368 567.14 8.16 254.57 3.63 626.96 29.2736 0.01371 21085954.40 0.0014 0.69 np 38.0 119.3 271.9 393.13 3.57 
404.4 4.0 368.1 
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Appendix C: EC17-2 Zircon U-Th/He thermochronology analysis He 
Age  
He 
Age  
U-Pb 
age 
U-Pb 
Age 
Post-
depositional 
Sample and 
grain no. 
Analysis 
no. U ppm 
U SD 
(ppm) 
Th 
ppm 
Th SD 
(ppm) 
eU 
(ppm) 
He 
(ncc) 
He 
error 
(ncc) He (ncc/g) 
Mass 
(mg) FT Shape 
Radius 
(um) 
Length 
(um) 
Uncorr. 
Age (Ma) Error (Ma) Error 
ejection age 
EC17-2 Zr 2 
He 
16177 363.75 5.21 170.18 2.48 403.75 25.4999 0.01740 15394404.98 0.0017 0.72 np 43.5 108.7 307.3 426.34 3.91 
1065.9 12.8 394.4 
EC17-2 Zr 14 
He 
16181 137.45 1.99 142.35 2.04 170.90 18.9275 0.00865 5957868.40 0.0032 0.75 nn 47.0 178.2 281.8 374.08 3.30 
1040.4 19.5 358.8 
EC17-2 Zr 25 
He 
16185 300.90 4.33 105.51 1.51 325.69 26.1841 0.01453 9998352.84 0.0026 0.75 pp 47.7 142.9 248.7 331.44 3.26 
1157.6 11.5 326.6 
EC17-2 Zr 29 
He 
16189 189.96 2.71 253.32 3.61 249.49 25.6195 0.01379 8662310.88 0.0030 0.76 pp 50.2 146.0 280.8 368.90 3.10 
1048.1 20.9 355.3 
EC17-2 Zr 36 
He 
16194 293.91 4.22 120.63 1.76 322.26 29.6873 0.01938 13239530.27 0.0022 0.75 np 48.6 117.9 330.3 441.84 4.30 
1028.4 13.5 409.1 
EC17-2 Zr 39 
He 
16198 364.55 5.23 74.87 1.10 382.14 29.9412 0.01949 12299843.37 0.0024 0.71 nn 38.2 206.9 260.4 367.77 3.53 
1020.8 14.0 351.5 
EC17-2 Zr 40 
He 
16202 380.99 5.44 157.91 2.27 418.10 29.0276 0.01828 14251120.09 0.0020 0.69 nn 36.4 190.4 275.4 397.03 3.49 
1067.1 11.7 371.0 
EC17-2 Zr 53 
He 
16206 515.79 7.42 247.70 3.53 574.00 38.4668 0.01884 21058555.90 0.0018 0.69 nn 35.8 177.1 296.0 430.71 3.81 
1068.8 14.6 393.6 
EC17-2 Zr 100 
He 
16210 101.46 1.49 60.28 0.87 115.62 7.6196 0.00666 3718990.06 0.0020 0.72 pp 40.9 152.4 260.3 362.89 3.30 
1071.2 18.2 348.5 
EC17-2 Zr 119 
He 
16215 263.73 3.77 40.27 0.58 273.19 21.8623 0.02051 10014956.61 0.0022 0.72 nn 40.4 165.9 295.5 412.23 3.90 
1298.2 16.4 383.9 
EC17-2 Zr 130  
He 
16219 164.07 2.36 86.61 1.24 184.43 25.8513 0.01894 7430583.82 0.0035 0.79 np 58.5 126.1 324.2 412.96 4.08 
1168.7 11.9 391.3 
EC17-2 Zr 141 
He 
16223 280.32 4.01 86.99 1.26 300.77 33.4236 0.02326 12141507.36 0.0028 0.76 np 51.7 127.9 324.7 425.61 4.22 
1412.0 13.3 398.7 
EC17-2 Zr 160 
He 
16227 179.16 2.61 73.66 1.07 196.47 14.1931 0.00814 7339410.76 0.0019 0.72 np 43.1 129.4 301.1 415.53 3.85 
1172.1 11.4 387.0 
EC17-2 Zr 163 
He 
16231 279.26 3.99 86.92 1.28 299.69 26.1512 0.06812 11676824.26 0.0022 0.73 nn 43.3 148.4 313.7 429.67 4.14 
1442.6 10.5 397.9 
EC17-2 Zr 171 
He 
16236 230.47 3.30 73.06 1.05 247.64 16.4642 0.00842 7379868.59 0.0022 0.72 nn 41.1 164.1 241.5 335.16 3.20 
1021.3 14.1 328.7 
EC17-2 Zr 174 
He 
16240 312.41 4.49 84.38 1.24 332.24 14.9425 0.02374 9781237.64 0.0015 0.71 pp 41.7 108.9 238.6 335.56 3.25 
1234.9 12.0 328.8 
EC17-2 Zr 175 
He 
16244 516.28 7.37 134.42 1.93 547.87 57.2241 0.03973 19047420.74 0.0030 0.76 nn 49.5 152.4 280.7 369.60 3.65 
1149.8 15.6 355.8 
EC17-2 Zr 219 
He 
16248 45.06 0.65 18.76 0.27 49.47 8.1683 0.00707 2163508.30 0.0038 0.76 np 47.9 204.1 350.9 461.58 4.52 
965.4 18.9 425.7 
EC17-2 Zr 226 
He 
16252 159.83 2.28 103.36 1.47 184.12 17.1729 0.01218 7390931.87 0.0023 0.76 pp 51.7 108.0 323.1 427.07 4.00 
1051.1 11.1 399.1 
EC17-2 Zr 251 
He 
16257 262.16 3.74 148.61 2.18 297.08 22.2630 0.01078 12037134.57 0.0018 0.68 np 34.9 188.6 326.0 478.28 4.06 
1162.1 16.9 425.3 
EC17-2 Zr 255 
He 
16261 61.58 0.89 31.76 0.45 69.05 7.5966 0.01579 2347742.18 0.0032 0.79 np 62.3 103.6 274.8 348.70 3.57 
1162.2 20.1 340.9 
EC17-2 Zr 273 
He 
16265 82.15 1.20 17.72 0.27 86.32 5.5691 0.00993 2870279.33 0.0019 0.74 pp 46.4 112.0 268.7 365.12 3.66 
1077.1 13.0 351.1 
EC17-2 Zr 284 
He 
16273 166.25 2.41 137.00 1.98 198.45 9.2446 0.00550 5822826.28 0.0016 0.71 nn 41.1 116.8 238.0 335.15 2.95 
1031.0 15.1 328.4 
EC17-2 Zr 306 
He 
16292 141.65 2.10 81.58 1.18 160.82 11.4050 0.00777 5765954.07 0.0020 0.74 np 48.6 104.0 289.4 389.64 3.71 
1066.1 14.4 369.7 
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Appendix C: EC17-3 Zircon U-Th/He thermochronology analysis He 
Age  
He 
Age  
U-Pb 
age 
U-Pb 
Age 
Post-
depositional 
Sample and 
grain no. 
Analysis 
no. U ppm 
U SD 
(ppm) 
Th 
ppm 
Th SD 
(ppm) 
eU 
(ppm) 
He 
(ncc) 
He 
error 
(ncc) He (ncc/g) 
Mass 
(mg) FT Shape 
Radius 
(um) 
Length 
(um) 
Uncorr. 
Age (Ma) Error (Ma) Error 
ejection age 
EC17-3 Zr 32 
He 
14598 350.11 5.01 78.22 1.13 368.50 38.3847 0.02851 11516773.51 0.0033 0.77 nn 53.2 146.1 253.0 327.45 3.39 
1171.4 14.7 323.9 
EC17-3 Zr 40 
He 
14602 74.36 1.08 50.09 0.73 86.13 4.7505 0.00888 3155184.93 0.0015 0.72 np 43.9 96.8 295.5 411.50 3.74 
1051.5 25.4 383.5 
EC17-3 Zr 116 
He 
14606 231.34 3.33 92.25 1.34 253.02 19.4649 0.04597 10502455.34 0.0019 0.72 nn 43.3 122.8 333.6 460.77 4.31 
1178.5 15.6 419.7 
EC17-3 Zr 138 
He 
14610 46.73 0.68 43.70 0.63 57.00 8.5146 0.00812 1761448.30 0.0048 0.79 nn 54.8 200.1 250.3 318.36 2.92 
1065.2 20.6 317.0 
EC17-3 Zr 159 
He 
14617 242.43 3.49 95.31 1.36 264.83 27.6299 0.00963 9835276.75 0.0028 0.76 nn 48.8 146.4 299.4 396.25 4.00 
1048.8 15.2 375.7 
EC17-3 Zr 162 
He 
14621 150.90 2.16 26.93 0.38 157.23 26.0048 0.01512 5324821.18 0.0049 0.77 nn 50.8 235.0 273.5 352.89 3.59 
1287.2 16.0 343.7 
EC17-3 Zr 166 
He 
14625 49.20 0.73 22.78 0.40 54.55 3.5216 0.00589 2804586.76 0.0013 0.69 pp 38.0 108.0 410.0 596.16 5.30 
1048.8 22.7 507.4 
EC17-3 Zr 169 
He 
14629 183.38 2.61 95.28 1.36 205.77 26.1758 0.01340 8874080.01 0.0029 0.74 nn 45.1 180.4 346.3 465.38 4.42 
1181.3 15.1 426.2 
EC17-3 Zr 203 
He 
14638 122.94 1.79 38.63 0.55 132.02 13.1343 0.00765 4077428.50 0.0032 0.76 np 48.8 167.8 250.1 329.30 3.43 
1171.2 15.8 325.1 
EC17-3 Zr 218  
He 
14642 148.86 2.12 58.75 0.84 162.66 16.1103 0.00653 5256353.31 0.0031 0.74 np 43.5 201.0 261.4 353.86 3.37 
1051.5 19.7 342.9 
EC17-3 Zr 225 
He 
14646 186.86 2.67 186.81 2.65 230.76 13.4228 0.01015 7644124.56 0.0018 0.71 np 41.1 129.2 267.9 375.44 3.09 
1050.0 11.6 357.3 
EC17-3 Zr 227 
He 
14650 284.21 4.06 66.87 0.95 299.92 30.0722 0.02690 12249470.03 0.0025 0.75 np 49.5 124.6 328.1 435.64 4.34 
1414.8 16.4 405.1 
EC17-3 Zr 229 
He 
14654 174.87 2.49 96.42 1.37 197.53 14.9918 0.01162 6239116.69 0.0024 0.72 np 40.2 184.6 255.7 356.06 3.16 
1064.1 17.6 343.6 
EC17-3 Zr 245 
He 
14658 280.32 4.09 124.64 1.80 309.61 25.9600 0.02170 10346110.56 0.0025 0.75 np 48.8 130.7 270.0 358.99 3.60 
1041.9 14.6 347.3 
EC17-3 Zr 276 
He 
14662 203.62 2.91 121.08 1.73 232.07 20.1478 0.01159 9471416.20 0.0021 0.73 pp 44.2 135.4 328.3 448.62 4.08 
1047.1 15.2 412.0 
EC17-3 Zr 307 
He 
14666 64.78 0.93 58.16 0.83 78.45 9.9495 0.00734 3430193.22 0.0029 0.73 nn 42.0 204.5 351.3 480.65 4.18 
1067.5 23.1 435.3 
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Appendix C: SL17-5 Zircon U-Th/He thermochronology analysis 
He Age  
He 
Age  
U-Pb 
age 
U-Pb 
Age 
Post-
depositional 
Sample and 
grain no. 
Analysis 
no. U ppm 
U SD 
(ppm) 
Th 
ppm 
Th SD 
(ppm) 
eU 
(ppm) He (ncc) 
He 
error 
(ncc) He (ncc/g) 
Mass 
(mg) FT Shape 
Radius 
(um) 
Length 
(um) 
Uncorr. 
Age (Ma) Error (Ma) Error 
ejection age 
SL17-5 Zr 11 
He 
14710 125.68 1.83 74.68 1.07 143.23 18.3724 0.01449 6238578.83 0.0029 0.75 nn 47.3 163.7 349.5 464.73 4.39 
1194.2 12.9 426.9 
SL17-5 Zr 30 
He 
14714 78.32 1.15 100.16 1.43 101.86 9.6696 0.00821 4476899.38 0.0022 0.75 nn 50.1 106.7 353.1 470.71 3.96 
1662.6 14.0 431.1 
SL17-5 Zr 47 
He 
14749 55.43 0.80 41.34 0.59 65.14 7.3868 0.00578 2772532.41 0.0027 0.75 nn 47.9 144.0 342.0 455.20 4.26 
1096.9 21.3 419.6 
SL17-5 Zr 54 
He 
14718 121.81 1.75 51.40 0.74 133.88 12.6581 0.01295 6521788.04 0.0019 0.74 np 47.9 104.9 389.5 526.19 5.03 
1009.2 14.8 470.6 
SL17-5 Zr 55 
He 
14753 62.02 0.88 30.37 0.44 69.16 8.9575 0.01205 3304524.82 0.0027 0.74 np 43.9 174.3 382.4 518.28 4.78 
1043.1 20.7 464.2 
SL17-5 Zr 58  
He 
14757 88.04 1.26 61.11 0.88 102.40 23.1582 0.01393 10693867.65 0.0022 0.74 nn 46.4 125.0 804.8 1087.62 9.34 
1289.6 16.4 885.9 
SL17-5 Zr 65 
He 
14761 126.89 1.86 112.59 1.61 153.35 24.3028 0.03387 16173098.79 0.0015 0.68 nn 35.8 145.8 812.9 1191.95 9.63 
1062.8 17.6 912.1 
SL17-5 Zr 74 
He 
14765 215.94 3.13 78.26 1.12 234.33 36.5520 0.02289 19763272.99 0.0018 0.70 np 38.6 153.7 657.5 934.21 8.39 
1049.3 14.2 749.9 
SL17-5 Zr 91 
He 
14769 147.99 2.11 79.46 1.14 166.66 16.6645 0.00829 6684104.09 0.0025 0.73 np 42.0 175.8 322.8 443.76 4.09 
1172.3 13.6 407.8 
SL17-5 Zr 109 
He 
14722 95.71 1.39 63.29 0.95 110.58 9.4987 0.00752 5985286.45 0.0016 0.72 np 42.6 108.5 431.5 602.70 5.29 
2364.8 8.3 520.1 
SL17-5 Zr 178 
He 
14773 103.82 1.48 95.82 1.37 126.34 12.4512 0.00586 5918286.55 0.0021 0.73 nn 42.6 143.8 375.6 517.61 4.30 
462.3 5.6 461.2 
SL17-5 Zr 182 
He 
14777 87.77 1.25 28.54 0.42 94.48 9.5492 0.00528 3996560.27 0.0024 0.73 np 41.7 170.3 339.7 468.38 4.39 
1153.4 11.4 425.4 
SL17-5 Zr 194  
He 
14781 60.36 0.94 31.11 0.45 67.67 6.5159 0.00542 2529249.77 0.0026 0.73 nn 43.5 169.0 301.1 409.83 4.21 
1025.9 19.1 383.9 
SL17-5 Zr 195 
He 
14785 149.41 2.21 151.95 2.19 185.11 16.0696 0.00747 6623149.01 0.0024 0.76 np 50.4 118.8 288.9 382.54 3.47 
1176.6 14.2 365.3 
SL17-5 Zr 196 
He 
14789 71.45 1.03 61.64 0.89 85.94 7.4214 0.00742 3794331.54 0.0020 0.73 nn 44.8 120.8 354.5 484.73 4.24 
454.5 3.5 438.3 
SL17-5 Zr 202 
He 
14793 63.80 0.94 28.93 0.42 70.60 7.2865 0.00603 2714756.34 0.0027 0.74 nn 45.7 159.5 309.7 416.16 4.02 
2878.0 11.5 389.5 
SL17-5 Zr 205 
He 
14797 97.18 1.43 41.09 0.61 106.84 10.1650 0.00689 4279708.29 0.0024 0.71 nn 39.5 188.6 322.1 450.76 4.18 
1122.6 19.4 411.2 
SL17-5 Zr 206 
He 
14801 59.44 0.87 19.42 0.30 64.00 8.3053 0.00763 2546235.29 0.0033 0.74 nn 44.2 207.6 320.1 430.83 4.20 
1155.0 13.7 400.3 
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Appendix D: Riley Sphericity data  
EC17-1B EC17-2 EC17-3 SL17-5 
Grain Age Di Dc Sphericity 
Round-
ness 
Grain Age Di Dc Sphericity 
Round-
ness 
Grain Age Di Dc Sphericity 
Round-
ness 
Grain Age Di Dc Sphericity 
Round-
ness 
289 404.4 0.24 0.4 0.775 A 176 634 0.24 0.34 0.840 SA 211 361.7 0.2 0.31 0.803 SR 200 419.4 0.12 0.26 0.679 SR 
307 428.1 0.22 0.43 0.715 SR 126 662.1 0.27 0.41 0.812 SA 230 388.9 0.18 0.25 0.849 SA 242 420.6 0.08 0.16 0.707 SA 
167 439.4 0.24 0.33 0.853 R 279 886.9 0.21 0.52 0.635 A 264 435.1 0.16 0.3 0.730 R 290 431.8 0.09 0.13 0.832 SR 
217 458.8 0.18 0.28 0.802 SR 313 897.3 0.2 0.36 0.745 A 179 456.6 0.16 0.47 0.583 A 2 444.1 0.1 0.15 0.816 SA 
149 544 0.18 0.32 0.750 SA 286 907.4 0.13 0.28 0.681 A 224 635 0.2 0.42 0.690 SA 172 451.4 0.12 0.24 0.707 SR 
89 548 0.26 0.42 0.787 SR 210 907.6 0.2 0.35 0.756 A 281 898.3 0.2 0.29 0.830 A 196 454.5 0.12 0.18 0.816 R 
282 580.1 0.21 0.33 0.798 SA 304 911.7 0.24 0.49 0.700 A 278 1044.6 0.19 0.3 0.796 SR 140 456.6 0.1 0.15 0.816 A 
177 584.3 0.17 0.32 0.729 A 222 1048.6 0.22 0.5 0.663 SA 23 1044.8 0.2 0.33 0.778 SA 313 457.3 0.13 0.19 0.827 A 
227 745.5 0.27 0.54 0.707 A 226 1051.1 0.23 0.4 0.758 A 189 1044.9 0.21 0.29 0.851 A 178 462.3 0.11 0.19 0.761 SR 
190 920.3 0.2 0.35 0.756 SA 266 1051.5 0.23 0.33 0.835 SA 139 1045 0.19 0.28 0.824 SR 121 1043.9 0.12 0.18 0.816 SA 
19 1040.7 0.17 0.28 0.779 A 19 1051.9 0.19 0.29 0.809 SA 137 1045.6 0.19 0.31 0.783 A 285 1046.2 0.09 0.13 0.832 SR 
67 1041.7 0.18 0.36 0.707 A 180 1052.7 0.19 0.35 0.737 SR 146 1047 0.2 0.36 0.745 SA 251 1049 0.12 0.21 0.756 SA 
211 1043.7 0.16 0.24 0.816 SR 308 1052.8 0.21 0.3 0.837 SA 276 1047.1 0.2 0.35 0.756 SA 74 1049.3 0.1 0.2 0.707 SA 
65 1044.1 0.21 0.38 0.743 SR 140 1052.9 0.17 0.3 0.753 A 16 1048.4 0.2 0.32 0.791 SA 269 1051.7 0.1 0.15 0.816 R 
104 1044.6 0.2 0.31 0.803 SA 281 1052.9 0.2 0.37 0.735 A 223 1048.5 0.16 0.33 0.696 A 164 1051.8 0.12 0.16 0.866 SR 
180 1044.7 0.3 0.4 0.866 SR 73 1054.1 0.2 0.4 0.707 R 166 1048.8 0.22 0.34 0.804 A 46 1053.4 0.11 0.14 0.886 SA 
93 1046.3 0.19 0.25 0.872 R 145 1054.3 0.17 0.28 0.779 SR 260 1160.2 0.21 0.32 0.810 R 27 1144.1 0.18 0.39 0.679 A 
85 1046.8 0.18 0.28 0.802 A 64 1159.7 0.2 0.32 0.791 SR 133 1160.6 0.26 0.41 0.796 SA 267 1145 0.17 0.24 0.842 SR 
121 1048.1 0.2 0.42 0.690 SR 237 1160.1 0.2 0.45 0.667 A 134 1161.2 0.2 0.32 0.791 SA 288 1148.8 0.17 0.23 0.860 SA 
214 1049.3 0.16 0.25 0.800 A 10 1161.9 0.2 0.29 0.830 SR 300 1161.5 0.26 0.4 0.806 SA 225 1150.5 0.16 0.25 0.800 SA 
11 1160.5 0.23 0.35 0.811 SA 49 1162 0.25 0.35 0.845 SR 164 1162 0.23 0.38 0.778 SR 20 1152.6 0.26 0.44 0.769 R 
106 1161.4 0.21 0.31 0.823 SA 251 1162.1 0.18 0.41 0.663 A 228 1162.2 0.17 0.32 0.729 A 161 1152.7 0.2 0.33 0.778 A 
99 1161.8 0.18 0.23 0.885 SA 255 1162.2 0.24 0.4 0.775 A 85 1162.2 0.2 0.39 0.716 A 36 1153.1 0.17 0.31 0.741 R 
Rs = Riley Sphericity   Roundness: VA = very A, A = A, SA = SA, SR = SR, R = R,                          
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Appendix D: Riley Sphericity data  
EC17-1B EC17-2 EC17-3 SL17-5 
Grain Age Di Dc Sphericity 
Round-
ness 
Grain Age Di Dc Sphericity 
Round-
ness 
Grain Age Di Dc Sphericity 
Round-
ness 
Grain Age Di Dc Sphericity 
Round-
ness 
182 1161.9 0.29 0.42 0.831 SR 164 1162.3 0.19 0.48 0.629 SA 131 1163.5 0.21 0.32 0.810 A 246 1343.4 0.19 0.28 0.824 SR 
86 1162.2 0.23 0.29 0.891 SR 11 1162.7 0.22 0.4 0.742 SA 206 1164.6 0.15 0.26 0.760 SA 298 1347.2 0.17 0.23 0.860 SA 
255 1162.3 0.24 0.39 0.784 SR 3 1163.3 0.22 0.33 0.816 SA 4 1164.6 0.23 0.37 0.788 A 67 1354.7 0.17 0.43 0.629 SA 
64 1164 0.16 0.39 0.641 SR 111 1163.6 0.19 0.32 0.771 SR 43 1332.1 0.21 0.43 0.699 A 289 1365.3 0.18 0.24 0.866 SR 
96 1164.8 0.19 0.32 0.771 SA 24 1328.7 0.2 0.37 0.735 SR 12 1332.8 0.23 0.4 0.758 SA 163 1366.2 0.22 0.29 0.871 SR 
205 1165.1 0.27 0.38 0.843 SR 112 1329.6 0.18 0.27 0.816 SR 79 1335.9 0.17 0.25 0.825 A 174 1632.2 0.2 0.3 0.816 SR 
287 1165.7 0.28 0.36 0.882 SR 246 1332.4 0.23 0.32 0.848 R 193 1339.8 0.2 0.37 0.735 SR 118 1633.5 0.22 0.26 0.920 SR 
158 1346.7 0.35 0.49 0.845 R 206 1351.1 0.18 0.29 0.788 SA 51 1343.1 0.21 0.4 0.725 A 262 1635.7 0.14 0.24 0.764 SR 
301 1352.2 0.27 0.53 0.714 SR 253 1376.2 0.22 0.32 0.829 SA 226 1343.9 0.2 0.24 0.913 R 253 1637.3 0.2 0.31 0.803 SR 
269 1354.1 0.19 0.39 0.698 SR 243 1402.6 0.2 0.35 0.756 SR 97 1364.2 0.2 0.33 0.778 SR 177 1640.8 0.22 0.34 0.804 R 
203 1356.6 0.24 0.42 0.756 R 141 1412 0.2 0.33 0.778 SR 263 1371.2 0.19 0.3 0.796 A 199 1643.6 0.17 0.25 0.825 R 
123 1362.6 0.17 0.25 0.825 SR 51 1413.9 0.22 0.36 0.782 SA 55 1371.6 0.18 0.44 0.640 SR 150 2722.4 0.21 0.33 0.798 SA 
62 1370.7 0.23 0.37 0.788 SA 199 1427.7 0.19 0.29 0.809 SR 118 1390 0.2 0.38 0.725 A 217 2731.9 0.18 0.27 0.816 SA 
95 1381.2 0.2 0.26 0.877 SR 230 1430.1 0.17 0.33 0.718 A 274 1516.5 0.21 0.27 0.882 SR 158 2756 0.2 0.28 0.845 SA 
194 1394.4 0.2 0.42 0.690 SA 78 1433.7 0.23 0.34 0.822 A 313 1642.4 0.21 0.3 0.837 SA 3 2809.5 0.21 0.27 0.882 SR 
181 1427.6 0.24 0.35 0.828 SA 163 1442.6 0.21 0.42 0.707 SA 158 1648.8 0.17 0.43 0.629 SR 4 2819.7 0.22 0.32 0.829 R 
33 1429.6 0.17 0.35 0.697 A 282 1445.9 0.27 0.43 0.792 R 126 1654.6 0.21 0.32 0.810 SR 250 2827.4 0.19 0.24 0.890 SR 
237 1636.9 0.19 0.25 0.872 SA 117 1452.6 0.22 0.31 0.842 SR 101 1683.2 0.19 0.25 0.872 R        
10 1645.2 0.17 0.26 0.809 SA 257 1453.4 0.24 0.31 0.880 SR 285 1849.2 0.2 0.29 0.830 SA        
30 1731.5 0.18 0.29 0.788 SR         178 1897.8 0.2 0.28 0.845 SA        
170 1768.3 0.26 0.39 0.816 SR         237 1942.9 0.24 0.32 0.866 SR        
138 2706.5 0.25 0.36 0.833 SR                                     
Rs = Riley Sphericity   Roundness: VA = very A, A = A, SA = SA, SR = SR, R = R,                          
  
  
1
9
5
 
  
Appendix E: QtQt thermal modelling input data 
Zircon U-Th/He 
He run Name 
U 
ppm Th ppm He (ncc/g) Diameter (um) Length (um) Uncorr. Age 
He 16300 EC17-1B Zr 83 238.87 65.68 8375187.79 74.7 128.8 266.3 
He 16304 EC17-1B Zr 112 172.88 90.97 8693774.74 76.0 128.5 359.0 
He 16309 EC17-1B Zr 121 88.49 94.04 3458610.80 69.8 131.0 253.3 
He 16313 EC17-1B Zr 136 126.73 117.92 5797878.94 82.2 108.7 302.8 
He 16317 EC17-1B Zr 139 128.46 109.03 4612517.35 89.7 104.2 242.7 
He 16321 EC17-1B Zr 167 331.53 260.93 16375230.04 77.7 104.5 335.3 
He 16326 EC17-1B Zr 171 130.02 66.07 5218673.17 82.2 100.5 289.4 
He 16330 EC17-1B Zr 173 224.62 64.21 6380787.32 66.7 120.4 216.2 
He 16334 EC17-1B Zr 176 1221.34 487.22 31277014.19 73.3 76.2 190.7 
He 16338 EC17-1B Zr 186 242.71 85.98 9185703.66 71.1 111.1 282.1 
He 16342 EC17-1B Zr 198  222.68 101.62 7459714.66 97.2 97.6 245.2 
He 16347 EC17-1B Zr 203 233.47 121.69 8240611.51 62.3 131.0 254.6 
He 16351 EC17-1B Zr 205 220.96 82.77 6834559.78 80.8 99.8 230.6 
He 16355 EC17-1B Zr 206 128.25 52.09 4482522.07 74.2 110.4 258.2 
He 16359 EC17-1B Zr 220 46.25 32.65 1345897.85 92.3 125.0 202.9 
He 16363 EC17-1B Zr 258 307.22 130.78 9540205.74 65.4 121.7 229.1 
He 16375 EC17-1B Zr 271  137.95 223.03 4019615.70 87.9 117.7 172.2 
He 16368 EC17-1B Zr 289 567.14 254.57 21085954.40 76.0 119.3 271.9 
He 16177 EC17-2 Zr 2 363.75 170.18 15394404.98 43.5 108.7 307.3 
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Appendix E: QtQt thermal modelling input data 
Apatite Fission Track 
Sample 
number pd(Nd) Ps (Ns) pi 
FT 
age error 
U 
(ppm) 
avg track 
length error 
std dev 
(microns) 
KY49 
1.585 
(7420) 
1.631 
(1125) 
4.479 
(3089) 98.3 7.4 44 12.37 1.6 2.05 
VA26 1.585 1.563 4.034 104 8 40 12.55 0.92 1.58 
KY112 1.612 1.596 3.497 125 10 34 12.09 1.06 1.82 
VA24 1.612 1.806 5.384 92.1 7 52 12.34 0.86 1.76 
KY115 1.612 1.521 3.483 120 10 34 12.46 0.9 1.55 
VA4 1.585 1.933 4.354 123 8 43 12.13 0.84 1.54 
VA6 1.612 1.336 3.764 97.5 8.4 36 12.23 0.8 1.48 
VA19 1.585 2.787 5.455 137 8 54 12.86 0.72 1.27 
KY46 1.585 2.3 4.861 127 8 48 12.47 0.84 1.65 
KY109 1.585 2.222 4.572 131 8 44 12.87 0.88 1.7 
Vitrinite Reflectance 
data         
Rmean 0.875         
 
 
 
   
   197 
 
 
REFERENCES 
Allaz, J., Selleck, B., Williams, M., and Jercinovic, M., 2013, Microprobe analysis and 
dating of monazite from the Potsdam Formation, New York; a progressive record 
of chemical reaction and fluid interaction: American Mineralogist, v. 98, no. 7, p. 
1106–1119. 
Archer, A. W., and Greb, S. F., 1995, An Amazon-scale drainage system in the Early 
Pennsylvanian of central North America: Journal of Geology, v. 103, no. 6, p. 
611–627. 
Barnhill, M. A., 1996, The Corbin Sandstone of eastern Kentucky; outcrop and 
subsurface analysis of a Pennsylvanian age big braided river: AAPG Bulletin, v. 
80, no. 9, p. 1520. 
Barnhill, M. L., 1995, The sedimentology of the Corbin Sandstone Member, Lee 
Formation, eastern Kentucky, and a comparison to age equivalent rocks of the 
Illinois Basin, southwestern Indiana [Doctoral], 385 p. 
Basu, A., Schieber, J., Patranabis, S., and Dhang, P., 2013, Recycled detrital quartz grains 
are sedimentary rock fragments indicating unconformities; examples from the 
Chhattisgarh Supergroup, Bastar Craton, India: Journal of Sedimentary Research, 
v. 83, no. 4. 
Becker, T. P., Paleogeographic and tectonic implications of the late Paleozoic 
Alleghenian Orogen developed from isotopic sedimentary provenance proxies 
from the Appalachian foreland basin [Doctoral], 214 p. 
Bingen, B., Demaiffe, D., and Hertogen, J., 1996, Redistribution of rare earth elements, 
thorium, and uranium over accessory minerals in the course of amphibolite to 
granulite facies metamorphism; the role of apatite and monazite in orthogneisses 
from southwestern Norway: Geochimica et Cosmochimica Acta, v. 60, no. 8, p. 
1341–1354. 
Blatt, H., 1967, Provenance determinations and recycling of sediments. Journal of 
Sedimentary Petrology, v. 37, 1031–1044.  
Blatt, H., and Jones, R., 1975, Proportions of exposed igneous, metamorphic, and 
sedimentary rocks: Geological Society of America Bulletin, v. 86, p. 1085–1088.  
Boettcher S. S., and Milliken K. L., 1994, Mesozoic-Cenozoic unroofing of the Southern 
Appalachian Basin: Apatite fission track evidence from Middle Pennsylvanian 
sandstones: The Journal of Geology, v. 102, no. 6, p. 655–668. 
Boyce, J. W., Hodges, K. V., Olszewski, W. J., and Jercinovic, M. J., 2005, He diffusion 
in monazite; implications for (U-Th)/He thermochronometry: Geochemistry, 
Geophysics, Geosystems - G3, v. 6, no. 12, p. 12. 
Campbell, M. R., 1898a, Description of the Richmond quadrangle [Ky]: U.S. Geological 
Survey Geologic Atlas, Folio 46.  
Campbell, I., Reiners, P., Allen, C., Nicolescu, S., and Upadhyay, R., 2005, He-Pb 
double dating of detrital zircons from the Ganges and Indus rivers; implication for 
quantifying sediment recycling and provenance studies: Earth and Planetary 
Science Letters, v. 237, no. 3–4, p. 402–432. 
   
   198 
Catlos, E., Gilley, L., and Harrison, T., 2001, Interpretation of monazite ages obtained via 
in situ analysis: Abstracts with Programs - Geological Society of America, v. 33, 
no. 6, p. 17. 
Cawood. P. A., McCausland, P. J., and Dunning, G. R., 2001, Opening Iapetus: 
Constraints from the Laurentian margin in Newfoundland: GSA Bulletin, vol. 
113, no. 4, p. 443–453.  
Chakraborty, S., 2010, Provenance of the Neoproterozoic Ocoee Supergroup, eastern 
Great Smoky Mountains, University of Kentucky Doctoral Dissertations, 76. 
https://uknowledge.uky.edu/gradschool_diss/76. 
Cherniak, D. J., and Watson, E. B., 2001, The influence of diffusion on U-Pb 
systematics: LPI Contribution, v. 1088, p. 3260. 
Chesnut, D. R., Jr., 1992, Stratigraphic and structural framework of the Carboniferous 
rocks of the Central Appalachian Basin in Kentucky: Bulletin - Kentucky 
Geological Survey, p. 42. 
Chesnut, D. R., Jr., 1994, Eustatic and tectonic control of deposition of the Lower and 
Middle Pennsylvanian strata of the central Appalachian Basin, in Tectonic and 
eustatic controls on sedimentary cycles: Society for Sedimentary Geology 
(SEPM) Concepts in Sedimentology and Paleontology, v. 4, p. 51–64.  
Chesnut, D. R., 1995, Eustatic and tectonic control of deposition of the Lower and 
Middle Pennsylvanian strata of the Central Appalachian Basin, Panstwowy Instytut 
Geologiczny, p. 23. 
Copjakova, R., Novak, M., and Francu, E., 2011, Formation of authigenic monazite-(Ce) 
to monazite-(Nd) from Upper Carboniferous graywackes of the Drahany Upland; 
roles of the chemical composition of host rock and burial temperature: Lithos, v. 
127, no. 1-2, p. 373–385. 
Corrie, S. L., and Kohn, M. J., 2007, Resolving the timing of orogenesis in the western 
Blue Ridge, Southern Appalachians, via in situ ID-TIMS monazite geochronology: 
Geology (Boulder), v. 35, no. 7, p. 627–630. 
Cosca, M. A., Sutter, J. F., and Essene, E. J., 1991, Cooling and inferred uplift/erosion 
history of the Grenville Orogen, Ontario: Constraints from 40Ar/39Ar 
thermochronology: Tectonics, v. 10, no. 5, p. 959–977.  
Dalziel, I. W., 1991, Pacific margins of Laurentia and East Antarctica-Australia as a 
conjugate rift pair; evidence and implications for an Eocambrian supercontinent: 
Geology, v. 19, no. 6, p. 598–601. 
Dickinson, W. R., 1970, Interpreting detrital modes of graywacke and arkose: Journal of 
Sedimentary Petrology, v. 40, no. 2, p. 695–707. 
Dickinson, W. R., 1985, Interpreting provenance relations from detrital modes of 
sandstones: NATO Advanced Study Institutes Series. Series C: Mathematical and 
Physical Sciences, v. 148, p. 333–361. 
Dickinson, W. R., Beard, L. S., Brakenridge, G. R., Erjavec, J. L., Ferguson, R. C., 
Inman, K. F., Knepp, R. A., Lindberg, F. A., and Ryberg, P. T., 1983, Provenance 
of North American Phanerozoic sandstones in relation to tectonic setting: 
Geological Society of America Bulletin, v. 94, no. 2, p. 222–235. 
Dickinson, W. R., and Suczek, C. A., 1979, Plate tectonics and sandstone compositions: 
AAPG Bulletin, v. 63, no. 12, p. 2164–2182. 
   
   199 
Dott, R. H., Jr., 2003, The importance of eolian abrasion in supermature quartz 
sandstones and the paradox of weathering on vegetation‐free landscapes: Journal 
of Geology, v. 111, p. 387–405.  
Ehrenberg, S. N., and Nadeau, P. H., 1989, Formation of diagenetic illite in sandstones of 
the Garn Formation, Haltenbanken area, Mid-Norwegian continental shelf: Clay 
Minerals, v. 24, no. 2, p. 233–253. 
Ettensohn, F. R., 1980, An alternative to the barrier-shoreline model for deposition of 
Mississippian and Pennsylvanian rocks in northeastern Kentucky: Geological 
Society of America Bulletin, v. 91, no. 3, p. 130–135, 934–1056. 
Evans, J., and Zalasiewicz, J., 1996, U-Pb, Pb-Pb and Sm-Nd dating of authigenic 
monazite; implications for the diagenetic evolution of the Welsh Basin: Earth and 
Planetary Science Letters, v. 144, no. 3–4, p. 421–433. 
Evans, J. A., Zalasiewicz, J. A., Fletcher, I., Rasmussen, B., and Pearce, N. J. G., 2002, 
Dating diagenetic monazite in mudrocks; constraining the oil window?: 
Geochimica et Cosmochimica Acta, v. 66, no. 15A, p. 218. 
Farley, K. A., 2002, (U-Th)/He dating; techniques, calibrations, and applications: 
Reviews in Mineralogy and Geochemistry, v. 47, p. 819–843. 
Farley, K. A., Wolf, R. A., and Silver, L. T., 1996, The effects of long alpha-stopping 
distances on (U-Th)/He ages: Geochimica et Cosmochimica Acta, v. 60, no. 21, p. 
4223–4229. 
Ferm, J. C., 1974, Carboniferous environmental models in eastern United States and their 
significance: Special Paper - Geological Society of America, no. 148, p. 79–95. 
Ferm, J. C., Horne, J. C., Swinchatt, J. P., and Whaley, P. W., 1971, Carboniferous 
Depositional Environments in Northeastern Kentucky, Ky. Geol. Surv., 30 p.: 
Ferry, J. M., 2000, Patterns of mineral occurrence in metamorphic rocks: American 
Mineralogist, v. 85, no. 11–12, p. 1573–1588. 
Folk, R. L., 1980, Petrology of sedimentary rocks, Hemphill Publ. Co., Austin, TX, p. 
184. 
Fosdick, J.C., Grove. M., Graham, S.A., Hourigan, J.K., Lovera, O., and Romans, B.W., 
2014, Detrital thermochronologic record of burial heating and sediment recycling 
in the Magallanes foreland basin, Patagonian Andes: Basin Research, v. 27, p. 
546–572.  
Foster, G., and Carter, A., 2007, Insights into the patterns and locations of erosion in the 
Himalaya – a combined fission-track and in situ Sm-Nd isotopic study of detrital 
apatite. Earth and Planetary Science Letters 257, 407–418.  
Garzanti, E., 2015, From static to dynamic provenance analysis‐sedimentary petrology 
upgrade: Sedimentary Geology, v. 336, p. 3–13.  
Garzanti, E., 2017, The maturity myth in sedimentology and provenance analysis: Journal 
of Sedimentary Research, v. 87, p. 353–365.  
Garzanti, E., Limonta, M., Resentini, A., Bandopadhyay, P., Najman, Y., Ando, S., and 
Vezolli, G., 2013, Sediment recycling at convergent plate margins (Indo-Burman 
Ranges and Andaman–Nicobar Ridge): Earth-Science Reviews, v. 123, p. 113–
132. 
Gehrels, G., 2014, Detrital zircon U-Pb geochronology applied to tectonics: Annual 
Review of Earth and Planetary Sciences, v. 42, p. 127–149. 
   
   200 
Gehrels, G., Valencia, V., and Ruiz, J., 2008, Enhanced precision, accuracy, efficiency, 
and spatial resolution of U-Pb ages by laser ablation-multicollector-inductively 
coupled plasma-mass spectrometry: Geochemistry, Geophysics, Geosystems - G3, 
v. 9, no. 3, p. 13. 
Greb, S. F., and Chesnut, D. R., Jr., 1994, Paleoecology of an estuarine sequence in the 
Breathitt Formation (Pennsylvanian), central Appalachian Basin: Palaios, v. 9, no. 
4, p. 388–402. 
Greb, S. F., and Chesnut, D. R., Jr., 1996, Lower and lower Middle Pennsylvanian fluvial 
to estuarine deposition, central Appalachian Basin; effects of eustasy, tectonics, 
and climate: Geological Society of America Bulletin, v. 108, no. 3, p. 303–317. 
Greb, S. F., Chesnut, D. R., Jr., and Eriksson, K. A., 2001, Fluvial to estuarine transitions 
in Lower Pennsylvanian strata of the Breathitt Group, Eastern Kentucky coal field, 
central Appalachian Basin, USA: Open-File Report - University of Nebraska-
Lincoln, Conservation and Survey Division, p. 114. 
Greb, S.F., Chesnut, D.R., Jr., and Eble, C.F., 2004, Temporal changes in coal-bearing 
depositional sequences (Lower and Middle Pennsylvanian) of the central 
Appalachian Basin, U.S.A., in Pashin, J.C., and Gastaldo, R., eds., Coal-bearing 
strata: Sequence stratigraphy, paleoclimate, and tectonics of coal-bearing strata: 
American Association of Petroleum Geologists Studies in Geology, v. 51, p. 89–
129.  
Greb, S.F., Pashin, J.C., Martino, R.L., and Eble, C.F., 2008, Appalachian sedimentary 
cycles during the Pennsylvanian: Changing influences of sea level, climate, and 
tectonics, in Fielding, C.R., Frank, T.D., and Isbell, J.L., eds., Resolving the late 
Paleozoic ice age in time and space: Geological Society of America Special Paper 
144, p. 235–248.  
Greb, S.F., Chesnut, D.R., Jr., Eble, C.F., and Blake, B.M., 2009, The Pennsylvanian of 
the Appalachian basin, in Greb, S.F., and Chesnut, D.R., Jr., eds., Carboniferous 
geology and biostratigraphy of the Appalachian basin: Kentucky Geological 
Survey Special Publication 10, ser. 12, p. 32–45  
Hatcher, R., Merschat, A., and Huebner, M., 2014, Crustal structure and accretionary 
history of the Southern and Central Appalachians: Abstracts with Programs – 
Geological Society of America, v. 46, no. 2, p. 38. 
Hietpas, J., Samson, S., and Moecher, D., 2010, Complete identification of sediment 
donor terranes...careful whom you ask: Abstracts with Programs - Geological 
Society of America, v. 42, no. 1, p. 172. 
Hietpas, J., Samson, S., and Moecher, D., 2011a, A direct comparison of the ages of 
detrital monazite versus detrital zircon in Appalachian foreland basin sandstones; 
searching for the record of Phanerozoic orogenic events: Earth and Planetary 
Science Letters, v. 310, no. 3–4, p. 488–497. 
Hietpas, J., Samson, S., Moecher, D., and Chakraborty, S., 2011b, Enhancing tectonic 
and provenance information from detrital zircon studies: assessing terrane‐scale 
sampling and grain‐scale characterization: Journal of the Geological Society, 
London, v. 168, p. 309–318.  
Horne, J. C., Ferm, J. C., and Swinchatt, J. P., 1974, Depositional model for the 
Mississippian-Pennsylvanian boundary in northeastern Kentucky: Special Paper - 
Geological Society of America, no. 148, p. 97–114. 
   
   201 
Hourigan, J. K., Reiners, P. W., and Brandon, M. T., 2005, U/Th zonation-dependent 
alpha-ejection in (U-Th)/He chronometry: Geochimica et Cosmochimica Acta, v. 
69, no. 13, p. 3349–3365. 
Hurst, A., and Morton, A., 2014, Provenance models: the role of sandstone mineral-
chemical stratigraphy. In, Scott, R.A., Smyth, H.R., Morton, A.C., and Richardson, 
N. (eds.) Sediment-Provenance Studies in Hydrocarbon Exploration and 
Production, Geol. Soc. Spec. Pub. 386, 7–26. 
Karabinos, P., Samson, S., Hepburn, J., and Stoll, H., 1998, Taconian orogeny in the New 
England Appalachians: collision between Laurentia and the Shelburne Falls arc: 
Geology, v. 26, p. 215–218.  
Kelly, E. A., 2014, Age of the Walden Creek Group, Western Blue Ridge Province: 
Resolving a decades-old controversy via detrital mineral geochronology and 
sedimentary provenance analysis, Theses and Dissertations – Earth and 
Environmental Sciences. Paper 20. http://uknowledge.uky.edu/ees_etds/20.2 
Kingsbury, J. A., Miller, C. F., Wooden, J. L., and Harrison, T. M., 1993, Monazite 
paragenesis and U-Pb systematics in rocks of the eastern Mojave Desert, 
California, U.S.A.; implications for thermochronometry: Chemical Geology, v. 
110, no. 1–3, p. 147–167. 
Kohn, M. J., and Malloy, M. A., 2004, Formation of monazite via prograde metamorphic 
reactions among common silicates; implications for age determinations: 
Geochimica et Cosmochimica Acta, v. 68, no. 1, p. 101–113. 
Krynine, P. D., 1935, Arkose deposits in the humid tropics; a study of sedimentation in 
southern Mexico: American Journal of Science, v. 29, no. 172, p. 353–363. 
Kuenen, P.H., 1959, Experimental abrasion: 3. Fluviatile action on sand: American 
Journal of Science, v. 257, p. 172–190.  
Lierman, R. T., and Shear, M. K., 2006, Provenance of the Corbin Sandstone Member of 
the Grundy Formation (Lower Pennsylvanian) in east-central Kentucky: Abstracts 
with Programs - Geological Society of America, v. 38, no. 3, p. 5. 
Mack, G. H., 1984, Exceptions to the relationship between plate tectonics and sandstone 
composition: Journal of Sedimentary Petrology, v. 54, no. 1, p. 212–220. 
McBride, E. F., 1987, Diagenesis of the Maxon Sandstone (Early Cretaceous), Marathon 
region, Texas; a diagenetic quartzarenite: Journal of Sedimentary Petrology, v. 57. 
no. 1, p. 98–107. 
Mahan, K. H., Wernicke, B. P., and Jercinovic, M. J., 2010, Th-U-total Pb geochronology 
of authigenic monazite in the Adelaide rift complex, South Australia, and 
implications for the age of the type Sturtian and Marinoan glacial deposits: Earth 
and Planetary Science Letters, v. 289, no. 1–2, p. 76–86.  
Mange, M. A. and Morton, A. C., 2007, Geochemistry of heavy minerals. In: Mange, M. 
and Wright, D.K. (eds.), Heavy Minerals In Use. Developments in 
Sedimentology, 58, 345–391.  
Mazumder, R., 2017, Sediment Provenance: Influences on Compositional Change from 
Source to Sink. Amsterdam: Elsevier Inc., 7-17. Print   
McLelland, J., and Daly, J., 1996, The Grenville orogenic cycle (ca. 1350-1000 Ma); an 
Adirondack perspective: Tectonophysics, v. 265, no. 1–2, p. 1–28. 
Mervin, B.J., and Hatcher, R.D. Jr., 2010, The rifted edge of the Grenville Orogen of 
southern Laurentia; potential piercing pointes for Amazonia: Abstracts with 
   
   202 
Programs – Geological Society of America, vol. 42, no. 1, Abstract no. 78.  
Moecher, D., Hietpas, J., Samson, S., and Kelly, E., 2015, Detrital monazite 
geochronology and textures prove sediment recycling in Appalachian clastic 
systems: Abstracts with Programs - Geological Society of America, v. 47, no. 7, 
p. 672. 
Moecher, D. P., and Samson, S. D., 2006a, Differential zircon fertility of source terranes 
and natural bias in the detrital zircon record: implications for sedimentary 
provenance analysis. Earth and Planetary Science Letters 247, 252–266. 
Moecher, D. P., and Samson, S. D., 2006b, Grenville zircon fertility and baby boom; 
natural bias in the Appalachian detrital zircon record: Abstracts with Programs - 
Geological Society of America, vol. 38, no. 3, Abstract no. 62. 
Moecher, D. P., Samson, S. D., Hietpas, J., and Kelly, E., 2016, Sedimentary recycling 
and limits on accuracy of detrital zircon provenance analysis; insights from detrital 
monazite geochronology and textures: Abstracts with Programs - Geological 
Society of America, v. 48, no. 7, Abstract no. 200–203. 
Moecher, D. P., Kelly, E. M., Hietpas, J., and Samson, S.D., 2019, Proof of recycling in 
clastic sedimentary systems from textural analysis and geochronology of detrital 
monazite; Implications for detrital mineral provenance analysis. Geological 
Society of America Bulletin, in press.  
Molinaroli, E., Blom, M., and Basu, A., 1991, Methods of provenance determination 
tested with discriminant function analysis: Journal of Sedimentary Petrology, v. 
61, no. 6, p. 900–908. 
Moores, E. M., 1991, Southwest U.S.-East Antarctic (SWEAT) connection; a hypothesis: 
Geology (Boulder), v. 19, no. 5, p. 425–428. 
Morton, A. C., 1985, A new approach to provenance studies; electron microprobe 
analysis of detrital garnets from Middle Jurassic sandstones of the northern North 
Sea: Sedimentology, v. 32, no. 4, p. 553–566. 
Morton, A., and Hallsworth, C., 1994, Identifying provenance-specific features of detrital 
heavy mineral assemblages in sandstones: Sedimentary Geology, v. 90, no. 3–4, 
p. 241–256. 
Najman, Y., 2006, The detrital record of orogenesis: a review of approaches and 
techniques used in the himalayan sedimentary basins. Earth-Science Reviews 74, 
1–72.  
O’Hara K., Hower J. C., and Rimmer S. M., 1990, Constraints on the Emplacement and 
Uplift History of the Pine Mountain Thrust Sheet, Eastern Kentucky: Evidence 
from Coal Rank Trends: The Journal of Geology v. 98, no. 1, p. 43–51. 
Prothero, D. R., and Schwab, F. L., Sedimentary Geology: An Introduction to 
Sedimentary Rocks and Stratigraphy. New York: W.H. Freeman, 2014. 81–84. 
Print 
Rahl, J. M., Reiners, P. W., Campbell, I. H., Nicolescu, S., and Allen, C. M., 2003, 
Combined single-grain (U-Th)/He and U/Pb dating of detrital zircons from the 
Navajo Sandstone, Utah: Geology, v. 31, no. 9, p. 761–764. 
Rasmussen, B., 2005a, Zircon growth in very low grade metasedimentary rocks; evidence 
for zirconium mobility at approximately 250 degrees C: Contributions to 
Mineralogy and Petrology, v. 150, no. 2, p. 146–155. 
   
   203 
Rasmussen, B., 2005b, Radiometric dating of sedimentary rocks; the application of 
diagenetic xenotime geochronology: Earth-Science Reviews, v. 68, no. 3-4, p. 197–
243. 
Rasmussen, B., Fletcher, I. R., and McNaughton, N. J., 2001, Dating low-grade 
metamorphic events by SHRIMP U-Pb analysis of monazite in shales: Geology, v. 
29, no. 10, p. 963–966. 
Rasmussen, B., and Muhling, J., 2007, Monazite begets monazite; evidence for 
dissolution of detrital monazite and reprecipitation of syntectonic monazite during 
low-grade regional metamorphism: Contributions to Mineralogy and Petrology, v. 
154, no. 6, p. 675–689. 
Rasmussen, B., and Muhling, J., 2009, Reactions destroying detrital monazite in 
greenschist facies sandstones from the Witwatersrand Basin, South Africa: 
Chemical Geology, v. 264. 
Reiners, P. W., 2005, Zircon (U-Th)/He thermochronometry: Reviews in Mineralogy and 
Geochemistry, v. 58, no. 1, p. 151–179. 
Reiners, P. W., Campbell, I. H., Nicolescu, S., Allen, C. M., Hourigan, J. K., Garver, J. I., 
Mattinson, J. M., and Cowan, D. S., 2005, (U-Th)/(He-Pb) double dating of detrital 
zircons: American Journal of Science, v. 305, no. 4, p. 259–311. 
Reiners, P. W., Farley, K. A., and Hickes, H. J., 2002, He diffusion and (U-Th)/He 
thermochronometry of zircon; initial results from Fish Canyon Tuff and Gold 
Butte: Tectonophysics, v. 349, no. 1–4, p. 297–308. 
Rice, C. L., 1984, Sandstone units of the Lee Formation and related strata in eastern 
Kentucky: U. S. Geological Survey Professional Paper, p. G1–G53. 
Rice, C. L., and Schwietering, J. F., 1988, Fluvial deposition in the Central Appalachians 
during the Early Pennsylvanian: U. S. Geological Survey Bulletin, p. B1–B10. 
Ring, U., Brandon, M. T., Willett, S. D., and Lister, G. S., 1999, Exhumation processes: 
Geological Society Special Publications, v. 154, p. 1–27. 
Rivers, T., 1997, Lithotectonic elements of the Grenville Province; review and tectonic 
implications: Precambrian Research, v. 86, no. 3–4, p. 117–154. 
Rivers, T., 2009, The Grenville Province as a large hot long-duration collisional orogen; 
insights from the spatial and thermal evolution of its orogenic fronts: Geological 
Society Special Publications, v. 327, p. 405-–444. 
Robertson, P. B., 2014, Part I: Neoacadian to Alleghanian Foreland Basin development 
and provenance in the central Appalachian orogen, Pine Mountain Thrust Sheet, 
M.S. Thesis – Purdue University, p. 88. 
Russell, R.D., 1937, Mineral composition of Mississippi River sands: Geological Society  
of America, Bulletin, v. 48, p. 1307–1348. 
Samson, S. D., and Moecher, D. P., 2016, What caused the "Grenville curse" of detrital 
zircon studies? Potential mechanisms driving Earth's most zircon-fertile magmatic 
event: Abstracts with Programs – Geological Society of America, v. 48, no. 7, 
Abstract no. 200–201. 
Satkoski A. M., Barr S. M., and Samson S.D., 2010, Provenance of late Neoproterozoic 
and Cambrian sediments in Avalonia; constraints from detrital zircon ages and 
Sm-Nd isotopic compositions in southern New Brunswick, Canada: Journal of 
Geology, v. 118, no. 10, p. 187–200. 
 
   
   204 
Shukri, N. M., 1950, The mineralogy of some Nile sediments: Geological Society of  
London, Quarterly Journal, v. 105, p. 511–534. 
Sinha, A. K., Hund, E. A., and Hogan, J. P., 1989, Paleozoic accretionary history of the 
North America plate margin (central and southern Appalachians): constraints 
from the age, origin, and distribution of granitic rocks, In Hillhouse, J.W., ed., 
Deep structure and past kinematics of accreted terranes: IUGG 5, Geophysical 
Monograph, v. 50, p. 219–238.  
Solis, M. P., Greb, S. F., and Eble, C. F., 2008, Analysis of the Grundy Formation 
(Lower Pennsylvanian) in eastern Kentucky for deep coal, potential CBM, and 
carbon storage: Abstracts with Programs – Geological Society of America, v. 40, 
no. 6, p. 494–495. 
Spear, F. S., and Pyle, J. M., 2002, Apatite, monazite, and xenotime in metamorphic 
rocks: Reviews in Mineralogy and Geochemistry, v. 48, p. 293–335. 
Suttner, L. J., Basu, A., and Mack, G. H., 1981, Climate and the origin of quartz arenites: 
Journal of Sedimentary Petrology, v. 51, no. 4, p. 1235–1246. 
Thomas, W. A., Gehrels, G. E., Greb, S. F., Nadon, G. C., Satkoski, A. M., and Romero, 
M. C., 2017, Detrital zircons and sediment dispersal in the Appalachian foreland: 
Geosphere (Boulder, CO), v. 13, no. 6, p. 2206–2230. 
von Eynatten, H., and Dunkl, I., 2012, Assessing the sediment factory: The role of single 
grain analysis. Earth-Science Reviews 115, 97–120.  
von Eynatten, H., and Gaupp, R., 1999, Provenance of Cretaceous synorogenic 
sandstones in the Eastern Alps; constraints from framework petrography, heavy 
mineral analysis and mineral chemistry: Sedimentary Geology, v. 124, no. 1–4, p. 
81–111. 
Weltje, G., and von Eynatten, H., 2004, Quantitative provenance analysis of sediments; 
review and outlook: Sedimentary Geology, v. 171, no. 1–4, p. 1–11. 
Wilkinson, B. H., McElroy, B. J., Kesler, S. E., Peters, S. E., and Rothman, E. D., 2009, 
Global geologic maps are tectonic speedometers; rates of rock cycling from area-
age frequencies: Geological Society of America Bulletin, v. 121, no. 5–6, p. 760–
779. 
Williams, M. L., Jercinovic, M. J., and Hetherington, C. J., 2007, Microprobe monazite 
geochronology; understanding geologic processes by integrating composition and 
chronology: Annual Review of Earth and Planetary Sciences, v. 35, p. 137–175 
Wing, B. A., Ferry, J. M., and Harrison, T. M., 2003, Prograde destruction and formation 
of monazite and allanite during contact and regional metamorphism of pelites; 
petrology and geochronology: Contributions to Mineralogy and Petrology, v. 145, 
no. 2, p. 228–250. 
Wizevich, M. C., 1992, Sedimentology of Pennsylvanian quartzose sandstones of the Lee 
Formation, central Appalachian Basin; fluvial interpretation based on lateral profile 
analysis: Sedimentary Geology, v. 78, no. 1–2, p. 1–45. 
Wizevich, M. C., 1993, Depositional controls in a bedload-dominated fluvial system: 
internal architecture of the Lee Formation, Kentucky: Sedimentary Geology, v. 85, 
no. 1–4, p. 537–556. 
Wizevich, M., Miall, A., and Tyler, N., 1991, Photomosaics of outcrops; useful 
photographic techniques: Concepts in Sedimentology and Paleontology, v. 3, p. 
22–24. 
   
   205 
Wolf, R. A., Farley, K. A., and Silver, L. T., 1997, Assessment of (U-Th)/He 
thermochronometry; the low-temperature history of the San Jacinto Mountains, 
California: Geology (Boulder), v. 25, no. 1, p. 65–68. 
Zhu, X. K., and O'Nions, R. K., 1999, Zonation of monazite in metamorphic rocks and its 
implications for high temperature thermochronology; a case study from the 
Lewisian terrain: Earth and Planetary Science Letters, v. 171, no. 2, p. 209–220. 
  
   
   206 
VITA 
Steven Conrad Zotto 
Education:  
Bachelor of Science, Geology, Oklahoma State University, Stillwater, Oklahoma 
2016 
Professional Positions: 
 Research Assistant, University of Kentucky, Earth and Environmental Sciences, 
2018 
 Teaching Assistant, University of Kentucky, Earth and Environmental Sciences, 
2016-2017 
 
Scholastic Honors: 
 Dr. Robert Allen Endowed Scholarship, Oklahoma State University, 2012 and 
2013 
 Devon Energy Geoscience Scholarship, Oklahoma State University, 2014 
 Oklahoma Geological Foundation Field Camp Scholarship, Oklahoma State 
University, 2016 
 
 
